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HaSylated polypeptides, especially HASylated erythropoietin
The present invention relates to polypeptides, especially erythropoietin conjugated

to hydroxyalkylstarch (HAS), especially to hydroxyethylstarch.

The application of polypeptides, especially enzymes or cytokings, to the circula-
tory system in order to obtain & particular physiological effect is a weli-known

o0} in modermn medicine.

Erythropoietin (EPO) is a glycoprotein hormone necessary for the maturation of
erythroid progenitor cells info erythrosyies. In human adults, it is prodused in the
kidnay, EPO is essential in regulating the lzvel of red blood celis in the clreuls-
tion, Conditicns marked by low levels of tissue oxygen provoke an increased bio-
synihesis of PO, which in turn stimulates erythropoiesis, A loss of kidney func-
tion as it is seen in chronic renal failure, for example, typically results in de-

creased biosynthesis of EPO and a concomitant reduction in red blood cells,

Ervthropoietin is an acid glycoprotein hormone of approximately 34,000 Da. He-
man srythropoietin is 8 166 amino acid polypeptide that exists naturaily a5 3
monomer (Lin et al, 1985, PNAS 82, 7380-7584, EP 148 605 B2, EP 411 678
B2). The identification, cloning and expression of genes encoding srythropoietin
are described, eg., in US. Patent 4,703,008, The purification of recombinant
grythropoictin frorn cell culhure medium that supported the growth of mammalisn
pells contsining recornbinant ervitropoietin plasmids, for example, is described in
1J.S. Patent 4,667,016,
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It is generally believed in this technical field that the biological activity of EPQ in
vive mainly depends on the degree of sialic acids bound to EPC {sce e.g. EP 428
267 Bl}. Theoretically, 14 molecules of sialic acid cénn be bound to one molecule
FPO at the terminal ends of the carbohydrate side chains linked to N- and O-
glycosylation sites. Highly sophisticated purification steps are necessary to obtain -

highly sialylated EPQ preparations.

For further detailed information on erythm;éﬁietiﬁ see Krantz, Erythropoietin,
1991, Blood, 77(33:419-3¢ (Review) and Cerami, Beyond erythropeiesis: novel
applications for recombinant human erythropoietia, 2001, Semin Hematol, (3
Suppl 73:33-9 Review). '

A well-known problem with the application of polypeptides and enzymes is that
these proteing often exhibit an unsatisfactory stability. Especially, ervihropoietin
has & relatvely short plasma half lve {§pivak and Hogans, 1989, Blood 3, 90
Mchdahon et al., 1990, Blood 76, 1718). This means that therapeutic gﬁasma lev-
els are rapidly lost and repeated intravenous administrations must be carmied out.
Furthermore, in certain circumstances an immune'respense againgst the peptides is

ohserved.

It is generally accepted that the stability of polypeptides can be improved and the
immune response against these polypeptides is reduced when the polypeptides are

coupled to polymeric molecules. WO 94/28024 discloses that physiglagicaiiy ac-

~ tive polypeptides modified with polyethyleneglycol (PEG) exhibit reduced fmmu-

nogenicity and antigenicity and circulate in the bloodstream considerably longer

than unconjugated proteins, Le. have 3 longer clearance rate,

However, PEG-drug conjugates exhibit several disadvantages, e.g, they do not
exhibit  natural structure which can be recognized by elements of in vivo degra-
dation pathways. Therefore, spart from PEG-conjugates, other conjugatss and

prolein polymerates have been produced. A plurality of methods for the cross~
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tinking of ditferent proteins and macromolecules such as polymerase have been
described in the Hierature (see e.g. Wong, Chemistry of protein conjugation and
cross-tinking, 1993, CRCS, Inc.). '

Hydroxyethylstarch (HES) is 2 derivative of naturally oceurring amylopekiine and
is degraded by o-Amylase in the bedy. The proparation of HES-protein-
conjugates is described in the state of the ant (see, e.g, HES-hemoglobin-
conjugates in DE 26 16 086 or DE 26 46 854).

DE 26 46 854 discloses methods for the conjugation of hemoglobin to HES. In
these methods, HES is reacted with ssdiamlpariﬁdate,iwhich results in the praduc-
tion of dialdehydes which are linked to hemoglobin. In contrast to this, DE 26 16
086 discloses the conjugation of hemoglobin to HES according o 2 procedure
wherein first 8 eross-linking agent (e.g. bromocyane} is bound to HES and subse-

quently hemoglobin i linked to the intermadiate produet.

HSS is a substituted derivative of the carbohydrate pofymer amylopektine, which
is present in com starch 8t a concentration of up 10 95 % per weight. HES exhibits
advaniageous biological pmperﬁf:g and is wsed as a blood volume replacement
agent an& in hemodilution therapy in the clinics (Sommermeyer et al, 1987,
Keapkephauspharmazle, 8(8), 271-278; and Weidler et al, 1991, Asznein-
Forschung/Miug Res,, 41, 494-498),

Amylopektine consists of ghecose moleties, wherein in the main chaln o-14-
glycosidic bonds are present and at the branching sites o-1,6-glycosidic bonds are
found. The physical-chemical properties of this molecule are xﬁaimiy determined
by the type of glycosidic bonds, Due t the nicked a-1,4-glycosidic bond, helical

structuzes with about six glucose-monomers per tum srs produced,

The physical-chemical as well as the biochemieal properties of the polymer can be
modified via substitution. The introduction of 2 hydroxyethyl group can be
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achieved viz atkaline hydroxyethylation. By adapting the reaction conditions it is
possible to exploit the different reattivity of the respective hydroxy group in the
unsubstituted glicose monomer with respect to a 5ydmxysihy§ation. Owing to
this fact, the skilled person is able o influence the substitution pattern to ¢ limited

extent,

Consequently, HES is mainly characterized by the molecular weight dismibution
and the degree of substitution, There are two possibiliies of deseribing the substi-
tution degree:

1. The substitution degree can be described relative to the portion of substi-

tuted glucoss monomers with respect to all glucose moieties (DS),

2. The substitution degres can be deseribed as the "molar substibution” (M8},
wherein the number of hydroxyethy! groups per glucoss moiety are de-
scribed.

HES solutions are present as polydisperse compositions, wherein each molecule
differs from the other with respect to the polymerisation degres, the number and
paﬁeméf branc}zﬁng sites and the substitution pattora, HES is therefore 2 mixture
of compounds with different moleenlar weight, Consequently, a paﬁim’ia: HES
sobtion is determined by average molecular weight with the help of statistical
maeans. In this context, M, is caloulated as the arithmetic mean depending on the
number of molecules. Alternatively, M, the weight mean, represents a unit which
depends on the mass of the HES. '

The HES-drug conjugates disclosed in the art suffer from the disadvantage that
HES 1s not conjugated sitﬁ«:speciﬁcaiiy to the drug. Consequently, the conjugation
results in a very heterogenous product having many components that may be inac-
tive dus to the destruction of the 3-dimensional structure dim?ng the conjugation

step.
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In summary, there is still a need for further improved polypeptides with traproved
stability and/or bioactivity. This applies especially to erythropoietin where iso- forms
with a high degree of sialic acids and therefore high actvity have to be puri- fied from
isoforms with a low degree of sialic acids (see EP 428 267 B1). There fore, it would be
highly advantageous if production methods were available which provide highly active
polypeptides without requiring extensive purification. Un- fortunately, the production of
polypeptides in bacteria or insect cells is often diff- culi, because the polypeptides are
often not produced in a properly folded, native lo confirmation and lack proper
glycosylation.

Consequently, 1t s an object of the present invention o provide polypeptide de-
rivatives, especially erythropoietin derivatives, baving a high biological activity in vive
which can be easily produced and at reduced costs. Furthermore, it 1s a further object of
the present invention o provide a method for the production of polypeptide derivatives
which is easy to perform and vields in products with high biclogical activity, It is a
further ohject of the invention to provide pharmaceutical composiions comprising

polypeptide derivatives with high biological activity.

SUMMARY OF THE INVENTION

According to one aspect the present invention is directed to 3 hydroxyalkylstarch
{(HAS)-erythropoietin (EPO}-conjugate (HAS-EPO) comprising one or more HAS
molecules, wherein each HAS is conjugated to the EPC via a carbohydrate moiety.

The present invention is further directed to a pharmaceutical composition comprising
the HAS-EPO of the present invention.

The invention is further directed to use of a HAS-EPO according to the invention in ther
manufacture of medicaments for treating anemic disorders or hematopoietic dysfunction

disorders.

DETAILED DESCRIPTION OF THE INVENTION

The HAS-EPO of the invention has the advamtage that it exhibits an improved
biological stability when compared to the erythropoietin before conjugation. Fur-
thermore, it exhibits a higher biological activity than standard BRP EPO. This 15 mainly
due to the fact thai HAS-EPO is less or even not recognized by the re-

moval systems of the liver and Kidney and therefore persists in the eirculatory
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systems for a longer perdod of time. Furthermore, since the HAS is attached site-
specifically, the risk of destroving the in vive biclogical activity of EPQ by con-

jugation of HAS to EPO is minimized.

The HAS-FPO of the invention has mainly two components, namely the erythro-
poietin (EPC)-polypeptide and the hydroxyalkylstarch (HAS) linked thereto.

The EPO can be of any human {see e.g. Inoue, Wéda, Tgkeuchi, 1994, An ime

- proved method for the purification of human erythropoietin with high in vivo sc-

tivity from the wine of anemic patients, Biol Pharm Bull. 17(2), 180-4; Miyake,
Kung, Goldwasser, 1977, Purification of buman erythropoietin, § Biol Chem,,

252(13), 5358-64) or another mammalian source and can he obtained by purifica-

tion from natwally occurring sources Hke human kidney, smbryonic human liver
or animal, preferably monkey kidney. Furthermore, the expression “erythropoi-
etin” or “EPC” encompasses also an EPO variant wherein one or more amino se-
ids {e.g. 110 25, preferably 1 to 10, more preferred 1 1o 5, most preferred 1 or 2)
have been exchanged by another amino acid and which exhibits erythropoietie
activity (see e.g. EP 640 619 B1). The measurement of erythropoietic activity is
described in the art (for measurement of activity in vitro see e.g. Fibi et al, 1991,
Blood, 77, 1203 1§ Kitamura et al, 1989, J. Cell Phys,, 140, 323-334; for mea‘s;,x
ursment of EPO activity in vive seé Ph. Bur. 2001, §11-917; Ph. Eur. 2000, 1316 .
Erythropoistini  solutio concentrata, 780. 785, Euwopean Pharmacopoeia
{1996/2000); European Pharmacopoeia, 1996, Erythropoietin concentrated solu-
tion, Pharmasuropa., & 371-377; Fibi, Hermentin, Pauly, Lauffer, ieﬁimcissi.,
1995, N- and ngiymsyiaiim muteins of recombinant human erytwopoietin seve
creted from BHK-21 cells, Blood, 85(5), 1228-36; (EPO and medified EPO forms
were injected into female NMRI mice (equal amounts of protein 50 ng/mouse) at
day I, 2 and 3 blood samples were taken at day 4 and reticulocytes were deter-
mined)). Further publications where tests for the measurement of the activity of
EPQ are Barbone, Aparicio, Anderson, Natarajan, Ritchie, 1994, Reticulocytes

measurements as 2 bioassay for erythropoietin, . Pharm. Biomed, Anal, 12(4),




WO 20040024761 : ' PCT/EP2003/008838

i

13

26

23

)
L=

a7

515-22; Bowen, Culligan, Beguin, Kendall, Villis, 1994, Estimation of effective
and total erythropolesis in myelodysplasia using serum transferrin receptor and
erythropoietin concentrations, with autornated reticulocyte parameters, Leukemi,
8¢1), 151-5; Delorme, Lorenzini, Giffin, Martin, Jacobsen, Boone, Elliott, 1992,
Role of glycosylation on the secretion and biclogical activity of erythropoletin,
Biochemistry, 31{41), 9871-6; Higuchi, Ob-eda, Kuboniwa, Tomonoh, Shi-
monaka, Ochi, 1992;Role of sugar chains in the expression of the biclogical activ-
ity of hurnan erythropoletin, . Biol, Chem,, 267(11), 7703-%; Yamaguchi, Akal,
Kawanishi, Ueda, Masudé, Sasaki, 1991, Effects of site-directed removal of N-
glymsyi&tiqn sites in human erythropoietin on its production and biological prop-
erties, J. Biol. Chem,, 266{30), 20434-9; Takeuchi, Inoue, Sirie:kiaﬁd, Kubota,
Wada, Shimdizu, I—Kﬁé?ﬁ, Kozuisumi, Tekasaki, Kobata, 1989, Relationship be-
tween sugar chain structure and biological activity of recombinant human
ervthropoietin produced in Chinese hamster ovary cells, Proe. Natl. Acad. Sci.
USA, 83(20), 7819-22; Kuts, Eckéxdt, 1989, Assay methods for erymmpcieﬁﬁ,
Nephron., $1(1), 114 {German); Zucali, Sulkowski, 1985, Purification of human
urinary erythropoictin on controlled-pore glass and silicie acid, Exp. Hematol,,
13(3), 833-7; Krystal, 1983, Physical and biological characterization of erytheo-
blast eﬁﬁxancing factor (EEF), a late acting erythropostic stimulator in serum dis-

tinet from erythropoietin, Exp. Hematol, 11¢1), 1831

Prefosably, the EPO is racombinantly produced. This includes the production in
gukaryotic or prokaryotic cells, preferably mammalian, insect, yeast, bacterial
cells or in any other cell type which is convenient for the recombinant production

of EPQ, Fusthermore, the EPC may be expressed in transgenic animals (e.g. in

‘body fluids like milk, blood, ¢ie.), in eggs of ransgenic binié, especially poultry,

‘preferced chicken, or in transgende plants.

The recombinant produstion of & polypeptide is known in the art. In genersl, this
includes the transfection of host cells with an appropriate expression vecior, the

cultivation of the host cells under conditions which enable the production of the
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polypeptide and the purification of the polypeptide from the host cells. For de-
tailled information see s.g. Krystal, Panksatz, Farber, Smart, 1985, Purification of
humnan erythropoietin {0 homogeneity by a rapid. five-step procedure, Bleod,
67(1), 71-9; Quelle, Caslake, Burkert, Wojchowski, 1989, High-level expression
and purification of g recombinant human smhropoiétin produced using a bacu-
lovirus vector, Blood, 74(2), 652-7; EF 640 619 Bl and EP 668 351 B1.

In a preforred cmbﬁéimmt, the EPO has the amino acid sequence of human EPO
{sce EP 148 605 B2).

The EPO may comprise oné or more earb@hydréte sicié chains {preferably 1-4,
preferably 4) attached to the EPO via N- and/ or O-linked glycosylation, i.e. the
EPQ is glycosylated. Usually, when EPO is produced in eukaryotic cells, the
polypeptide is pasttmasia&iaﬁaﬁy glycosylaied, Consequently, the carhohydrate
side chains may have been attached to the EPC during biosynthesis in ma}fmn&i«

fan, especially human, insect or yeast cells. The structure and properties of glyco-

. sylated EPO have been extenaively studied in the art {gee EP 428 267 B1. EP 640
619 BI; Rush, Derby, Smith, Merry,k Rogers, Rohde, Katta, 1995, Mcmhetewge-

neity of erythropoietin carbohydrate structure, Anal Chem,, 67(8), 1442-52; Ta-
keuchi, Kobatz, 1991, Structurss and functional roles of the sugar chains of bu-
wman erythropoietins, Glycobiology, 1(4), 337-46 (Review). ’

The HAS may be directly conjugated 1o the EPO or, altematively, via & finkes
molecule. The nature of the linker molecule depends on the way how the HAS is
Tinked to the EPO. Possible functional groups of linkers are described in Table 1
and below. Several linkers are commercially available (e.g. from Pierce, available |
from Perbio Science Deutschiand GmbH, Bonn, Germany)). Some suitable linkers
are described in Table 2. The nature of the linker and iis purpose are described in
detail below in the section concerning the method for the production of HES-
EPQ,
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According to a preferred ambx}dﬁmem of the HAS-EPO conjugate of the inven-
tion, the HAS is conjugated o the EPO via a carbﬁhysiratt: molety.

In the context of the present invention, the term “carbohydrate molety™ refers to
hydroxyaldehydes or hydroxyketones zs well as to chemical modifications thereof
(ége Rémpp Chemislexikon, Thieme Veﬁag Stuttgart, Gemany, 9% edition 1990,
Yolume 9, pages AZZSLZZ?SS and the literature cited therein). Fusthermore, it also
refers to derivatives of naturally ocouring carbohydrate mcisties tike ghicose, ga-
lastoss, MARROSE, sialic acid and the like. The term alse includes chemically oxi-
dized naturaily sccwﬁng carbahydmte moleties wherein the ring structwe has

been ﬂpme§

The carbohydrate molety may be linked directly to the EPO polypeptide back-
bone, Preferably, the carbohydrate moiety is part of 2 carbohydrate side chain, In
this case, further carbohydrate moieties may be present between the carbolydrate

moiety to which HAS is linked and the EPO polypeptide backbone, More prefera-

 bly, the cathohydrate moisty is the terminal motety of the carbohydrate side chain,

 In a more preferred embodiment, the HAS is conjugated to a galactoss residue of

the carbohydrate side chains, preferably the terminal galactose residue of the car-
bohydrate side chain. This galactose residue can be made available for eonjuga-

tion by removal of terminal sialic acids, followed Ey oxidation {see below).

In a further more preferred embodiment, the HAS is conjugated to 2 sialic acid
residue of the carbohydrate side chains, preferably the terminal sialic acid residue

of the carbohydrate side chain,

Furthermore, the HAS may be éonjugated to the EPD vig a thicether. As ex-
plained in dstail below, the § atom can be derived from any SH group attached to
the EPO, hoth naturally or non naturaily oceurring.
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In a preferred embodiment, the 8 atom may be derived from a SH group which

has been introduced in an oxidized carbohydrate molety of HES, preferably an

-oxidized carbohydrate moiety which is part of a carbohydrate side chain of EPO

(see below).

Preferably, the § atom in the thiosther s derived from a naturally-ocourring eys-
teine or from an added cysteine. More preferably, the EPO has the amino acid
sequence of human EPO and the naturally occurring cysteimé are cysteine 29 and/
or 33, In 3 more pmfeﬁed embadiment, HAS is conjugated to cysteine 29 and
cysteine 33 is replaced by another amino acid, Alternatively, HAS may be conju-

gated o cysieine 33 and cysisine 29 is replaced by another amine scid.

It the context of the present invention, by the term “added cysteines” it is meant
that the polypeptides, preferably EPO, comprise a cysteine residue which is not
present in the wild-type polypeptide.

In the context of this aspect of the invention, the eysteine may be an additional
amino acid added at the N- or C-terminal end of EPO.

' Furﬁiemafe, the added cysieine may have been added by replacing a naturally

pecuring amino ackd by a cysteine, Suitable methods are known in the art {sce
above). Preferably, in the context of this aspect of the invention, the EPO is hu-
man EPC and the replaced amino acid residue is serine 126,

The second component of the HAS-EPO is hydroxyatkylstarch (HAS).

In the context of the present invention, the term "hydroxyalkylstarch® is wsed to

' indicate starch derivatives which have been substituted by hydroxyalkylgroups. In

this context, the alkyl group may be substituted. Preferably, the hydroxyalkyl con-
tains 2-10 carbon atoms, more preferably 2-4 carbon atorns. "Hydroxyalkylstarch®

therefore preferably comprises hydroxyethylstarch, hydroxypropylstarch and hy-
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droxybutylstarch, whersin hydroxyethylistarch and hydroxypropylstarch are pre-
ferred. '

The hydroxyalkyigroup(s) of HAS conlain at least one OH-group.

1¢ gxpression "hydmxyaikylsiaréh" also ﬁ:iciucie:s derivatives wherein the alkyl
group is mono- or polysubstituted. In this context, it is preferred that fhe alkyl
group is substituted with an halogen, especially ﬁeurine, or with an aryl group,
pwvided that the HAS remains water soluble. Furthermore, the terminal hydroxy
group of hydroxyalkyl may be esterified or etherified. In addition, the alky] group
of the hydroxyaikyismmh may be linear or %nfamh&d

Furthermore, instead of alkyl, also linear or branched substituted or unsubstituted
alkens groups may be used,

Hydroxyethylstarch (HES} is most preferxed for all embodiments of t&ze pmssmz

invention.

In the context of the present invention, hydroxyethylstarch may bave a mean mo-

lecular weight {weight mean]) of 1-300 kDba, wherein 2 mean molecular weight of

© 5300 kDa is more preferred. Hydroxyethylstarch can further exhibit & molar de-

gree of substitution of 0.1 to 0.8 and a ratio between CpCe-substitution in the
range of 2-20, with respect to the hydroxyethylgroups.

The HAS-EPQ may comprise {12, preferably 1., 1.6 or 1-3, most prefered 14

HAS molecules per EFO molecule. The pumber of HAS-molecules per EPO
molecule can be determined by quénaﬁiativc carbohydrate cormpositional analysis
using GC-MS after hydrolysis cﬁ; ﬁze product and derivatisation of the resuiting
monosaccharides (see Chaplin and Kennedy (eds.), 1986, Carbohydrate Analysis:
a practical approach, IRL Press Practical éppmach sariasl(ISBN 0-947946-44-3),
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especially Chapter 1, Monosaccharides, page 1-36; Chapter 2, Oligosaccharides,
page 37-53, Chapter 3, Neutral Polysaccharides, page 35-96). ‘

The HAS-EPO conjugate of the invention may exhibit essentially the same in-
vitro biological activity as recombinant native EPO, since the in-vitre biological
activity only measures binding affinity to the EPO receptor. Methods for deter-

mining the in-vitro bioiogiéai getivity are known in the art (see above).

Furthermore, the HAS-EPQ exibils a greater in vive activity than the EPO used as

& starting material for sonjugation {unconjugated EPO}. Methods for determining

e in vive biclogical setivity are known in the an (see sbove), Furthermore, a5+

©says for the determination of in vive and in vitro EPO setivity are given in Exam-

ples 9 and 10,

The HAS-EPO conjugate may exhibit an in vive activity of 110 to 300 %, pref-
erably 300 to 400 %, or 110 % to 300 %, prefecably 110 ‘é’& to 200 %, more 'pret-
ferred 110 % to 180 % or 110 t0 130 %, most preferred 110 % to 140 %, if the in
vivo activity of the unconjugated EPO is setas 100 %.

Compared to the highly sielylated EPO of Amgen (ses EP 428 267 B1), the HAS-
IEP(} exibﬁs prefératsiy at least 50%, more preferred at least 70 %, even more pre-
fefred at least 85 % or at least 95 9%, at least 150 %, st least 200 % or gt teast 300
% of the in vivo activity of the highly sialylated EPQ, if the in vivo activity of
highly sialylated EPO is set as 100 %. Most prefered, it exhibits af least 95 % of
the in vive activity of the ilig&iy siﬁiyia&eé EPQ.

The high in vivo hiological activity of the HAS-EPO conjugate af the invention
mainly results from the fact that the HAS-EPO conjugate remaing longer in the
circulation than the unconjugéted‘EPG, because it s less recognized by the re-
moval systems of the liver and because renal Cclearance is reduced dug o the

higher molecular weight. Methods for the determination of the in vivo half life
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time of EPO in the circulation are known in the art {Sytkowski, Lunn, Davis,

Feldman, Sickman, 1998, Human erythropoletin dimers with markedly enhanced

invive activity, Proc. Natl. Acad. Sci. USA, 93(3), 11848},

Consequently, it Is a great advantage of the present invention that a HAS-EPO is
provided that may be administered less frequently than the EPQ preparations
commercially available atpﬁ:sen;, While stendard EPO Q;epamﬁbns have to be
administered af least all 3 days, the HAS-EPO conjugate of the invention is pref-

erable adminstered twice a week, more preferably once a week.

All embodiments disclosed below with respect of the method ef the invention
produce 3 HAS-EPQ cbnceming properties of EPO or HAS apply alse io the
HAS-EPO conjugate of the invention,

Hy«:imxyaikylsmch_is an ether derivative of starch. Besides of said ether deriva-

tives, slso other starch derivatives can be used in the context of the present lnven-

tion. For example, derivatives are useful which comprise esterified hydroxy

groups. These derivatives may be ¢.g. derivatives of unsibstituted mono- or di-
carboxylic acids with 2-12 carbon atoms or of substituted derivatives thereof. Bs-
pecially useful are derivatives of unsubstituted menocarboxylic acids with 26
carhon atoms, sspeciaﬁiy of acetic acid, In this context, seetylstarch, butylstarch or

propylstarch are preferred.

Furthermore, derivatives of unsubstituted dicarboxylic acids with 2-6 carthon at-

oms are prefered,

In the case of derivatives of dicarboxylic acids, ¥t is useful that the second carbéxy
group of the dicarboxylic acid is also esierified. Furthermore, derivatives of
monoalkyl esters of dicarboxylic acids are also suitable in the context of the pre-

sent invention.
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For the substituted mone~ or dicarboxylic acids, the substitute groups may be

preferably the same as mentioned above for substituted alkyl residues.

Techniques for the estesification of starch are known in the art {see e.g, Klemm D.

5 etal, Comprehensive Cellulose Chemistry Vol. 2, 1938, Whiley-VCH, Weinheim,
New York, especially chapter 4.4, Esterification of Celiulose (ISBN 3-527-20483-
9.

in a further aspect, the present invention relates to a method for the production of
18 a hydroxyatkylstarch (HAS}Ferythrépaietﬁn {EPO}conjugate (HAS-EPO), com-

prising the steps oft

a} providing EPQO being capabie of reacting with modified HAS,
b providing modified HAS being capable of reacting with the EPO of step
i$ aﬁ, and ’
¢} reacting the EPO of step a) with the HAS of step b), whereby an HAS-
JUSORN pmduéad comprising one or more HAS molecules, wherein sach
HAS is conjugated to the EPO via
i s carbohyéréte moiety; or

20 i} athiosther,

The method of the invention hasiihe advantage that za; HAS-EPO conjugate is pro-
duced which exhibits 2 high biological aciivity. Firthermore, the method of the
irvention has the advantage that an ei’f’eetiv; FPO derivative can be produced at
25 reduced costs since the method does not comprise extensive and time consuming
purification steps resulting in low final yieié, e.g. it is not necessary to purify
away undersialylated EPQ forms which are nown to exhibit low or no in-vivo
biclogical activity. Especially Eﬁarnpie 20 demonstrates that a HES-ERO pro-
duced with fow modifications steps exhibits a 3-fold activity over standard BRP
% EPO. |
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Accordingly, in the first step of the method of the invention, an EPO is provided

which is capable of reacting with modified HAS.

As used in the present invention, the term “providing” has to be interpreted in the
I 2 1P

way that after the raspective step a molecule (in step a) EPO, in step b) HAS) with

the desired properties is available.

In the case of step a), this tnciudes the puification of ERO fom natural sources as
well as the recombinant production in host cells or organisms, and, if necessary,

the modification of the EPO so obiained.

With respect to the EPO being the starting material of the present invention, the
same applies as for the erythropoietin being part of the HAS-EPO conjugate of the
invention. In this context; the preferred embodiments disclosed sbove apply also

for the method of the invention.

Consequently, in a prefsrwd embodiment, the EPO has the amino acid sequence
of human EPO.

Preferably, the EPO is recombinantly poduced. This ,imiuﬂejs the production m
eukaryotic or prokaryotic cells, preferably mammslian, insest, vesst, bacterial '
cells or in any other cell ty]:)e which is convenient for the recombinant production
of BP0, Furthermore, the EPO may be expressed in transgenic animals (e.g. in
body fluids ik milk, blood, efe.)}, in eggs of transpenic birds, especially pouliry,

preferred chicken, or in fransgenic plants.

The recombinant prbﬁuctim of a rpﬁiy?%pﬁdﬁ is known in the art. In general, this
includes the tmnsf’ecﬁ;am of host )eeiis with an appropriate 'expmssim.x veetor, the
cultivation of the host cells under conditions which enable the production of the
polypeptide and the purification of the polypeptide from the host celis (Kryatal,
Parkratz, Fasher, Smart, 'E%ﬁ, Purification of human erythropoietin to homogene-
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ity by a rapid five-step procedure, Blood, 67(1), 71-9; Quells, Caslake, Burkert,
Wojchowsks, 1989, High-level expression and purification of a rewmbinaﬁi hu-
man erythropoietin produced using 2 baculovirus veétcr, Blood, 74(3), 652-7; EP
640 419 Bl and EP 668 351 Bl

The EP( may comprise one oF mare carbohydrate si&e chains attached to the EPO
via N- and/ or O-linked giycésyia‘tim, i¢. the EPO is glycosylated, Unsually,
wﬁﬁn EPO is éraduced in a_eukarydtic cells, the poiypepﬂde is pﬁsmanéia&ianaiiy
glyeosylated. Conseguently, the carbohydrate side chains may have been aitached
io the EPO during production ﬁl mammalian, especially buman, insect or yeast
cells, which may be cells of a transgenic animal {see above), gither extracted from

the animal or still in the animal.

These carhohydrate side chaing may bave been chemically or enzymatically medi-
fied after the expression in the apprepdate ;eiis, e.g. by removing or adding one
or more carbohydrate moieties {see e.g. Dittmag, Conradt, Hauser, Hofer, Lin-
denmaiér, 1982, Advances in Protein design; Bloecker, Colling, Schmidt, and
Schomburg éds., GBF-Monographs, 12, 231-246, VC_H Publishers, Weinheim,
New York, Cambridge)

 Itis the object of the method of the invention to provide an HAS-EPO comprising

ONE OF MOTE HAS molecules where the HAS is conjugated to the EPO via a car-
bohydrate molety (i) or via 2 thivether (if). Consequently, the EPO providéd in
step a} should have the properties that a conjugation via a carbohydraie molety-
and/ or via a thicether is possible. Therefore the EPO afier step a) may pmf::mﬁiy _
contain either ‘ ‘ -

{1} at least one reactive group Eiﬁked, either directly or via a Hnker moleculs, to
sulfide groups or carhohydrate moieties, which is capable to ract with HES or
modified HES, '
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{2) at least one carbohydrate moiety to which modified HAS can be conjugated,

andfor

{3} at least one free SH-group.

With respect to possibility (1) above, the EPO of step 2} is preferably obtainable

. by conjugating an appropriate linker molecule to the SHogroup(s) or carbohydeate

moleties of EPO. An example for such 8 modified EPO is provided in Example 4,
2.1 1t is important to ensure that the addition of the linker molecule does not

damuage the EPO. However, this is known to the person skilled in the art,

With respect 10 possibiiity {2} above, in & preferred cmbodiment, the modified

HAS is conjugated to the EPQ via a carbohydrate moiety.

The carbohydrate moiety may be linked directly to the EPO polypeptide back-
bone. Preferably, the carbohydrate moiety is part of 8 carbohydrate side chain. In
this case, further carbohydrate mofeties may be present between the e:axbohydréte
molsty 10 which HAS is finked and the EPQ pﬂiyp%;ﬁﬁde backbone. More prefera-
bly,ythe carbohydrate mciei‘y i the terminal moiety éf tﬁe carbobydrate side chain.

Consequently, in a preferred e:mbedimmt, the modified HAS is attached {via a

linker or not, see beﬁow} to carbohydrate chains linked to N--and/ or O

- glycosylation sites of EPC.

However, i is also included withiﬁ the present invention that.th@ EPQ contains (a}
further carbohydrate moiet{y}ies to which the modified HAS is conjugated. 'ﬁ’ech«
nigues fér attaching carbohydrate moieties to polypeptides, either enzymatically
or by genetic engineeting, followed by expression in appropriate cells, are knawn 4
in the art (Berger, Greber, Mosbach, 1986, Gaiacmsyitrar;sfesmée~dapendani sigly-
lation of complex and endo-N-acetylglucosaminidase H-treated core ngiycé.us in
vitrg, FEBS Le‘gs., 203(1), 64-8; Dittmar, Conradt, Hauser, Hofer, Lindenmaler,
1989, Advances in Protéin design; Bloecker, Colling, Schmidt, and Schoﬁburg
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eds,, GBF-Monographs, 12, 231-246, VCH Pubhshérs meﬁmm, New York,
Cam?mdge}

In 8 preferred embodiment of the method of the invention, the carbohydrate moi-

bety is oxidized in order to be able to react with the modified HAS. This oxidation

can be performed either chemically or enzymatically.

Methods for the chemical oxidation of caxbﬁhvﬁraif* maoieties of pblypéptides are

*known in the art and include the treatment w;th perjodate (Chamew stal, 1992, 1.

Biel. Lh@m 267, 15916-153922).

By chemically oxidizing, it is principally possible to oxidize any éax:bohydmﬁé

moiety, being terminally p@sitichsd or not. However, by choosing mild conditions

' (‘i mM periodaie, €} °C in contrast to harsh conditions: 10 mM periadate ihoat

rODm tﬁmpe:ramrc), 1t is possible to prsf@rabiy oxidize the tezm inal Laxbehwirate

moiety, e.g. sialic aczd or galactose, of a carbohydrate side chain,

Alternatively, the carbohydrate maieéy may be oxidized enzymatically. Enzymes
for the oxidation of the mdwzduai carbohydrate moieties are kmown in the ast, e.g.

in the case of gaiacso;se the enzyme is gala"tgse oxidase.

If it is intended to oxidize tem}jéaf gaiaciaé@ moisties, it will be eventually neces-
sary 1o remove terminal sigaiic'acidé {partially or completely} if the EPO has been
produced in cells capable of altaching sialic acids to carbohydrate chains, e.g. in
maramalian cells or in cells which have been genstically modified to be capable of
attaching sialic acids to carh@hydraﬁe chaing, Chemical or enzymatic methods for
the removal of sialic scids are known in the art {Chaplin and Kennedy {eda),
1996, Carbohydrate Anslysis: afpramiaai appmas‘h especially Chapter 5 Mon-
treutll, Glycoproteins, pages 175-177; IRL Press Practi aaE approach series (ISBN
3-947946-44-33).
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However, it is also included within the present invention that the carbohydraie
moisty to which the riodified HAS is to be atlached is attached to the EPO within
step a). In the case it is desired to attach galactose, this can be achisved by the
means of galectosyltransferase. “The methods e known in the art {Bzrgerj Greber,
Mosbach, 1986, Gai&ci@ﬁyitmnsfsrase«depe,ment s:a’iyiazzcm of aozrpiex and
mdomNnaeyty.lé,}ucasmmmciase H-treated core Neglycans in vitro, FERS Lett,
203(1), 64-8), '

In 8 most preferred embodiment, in step a) the EPO is modified by oxidizing at
lenst one terminal saccharide tmk, preferably galactose, of the one or more carbo-
hydrate side chains of the EPQ, preferably after partial or complete (enzymatic

and/ot chemical} removsl of the terminal sialic acid, if necessary (see above).

Canéequemly, preferably the modified HAS is conjugated to the oxidized terminal

. saccharide unit of the carbohydrate chain, preferabiy gatactose.

Furthermore, the modified HAS gy be preferably conjugated to a terminal sialic

acid, which is preferably oxidized in step 4} of the method of the invention.

" In a further preferred gmbadimem {see point {3} ahavé}, the EPO comprises at -

Jeast one free SH-group.

According 35 a preferred embodiment, this SH group may be linked to a prefera-
bly oxidized carhohydrate moiety, e, by using = hydroxylamine derivative, e.g.
2- (aminéaxy}amvimemapim hydrochloride (Bauer L.etal, 1963, J. Org. Chem,
30, 949) or by using a hydrazide derivative, f:g thioglycolic acid hydrazide

- (Whitesides et &1, 1977, 1. Org. Chem, 42, 332.) The methods for conjugating

these molecules to the oxidized carbobycﬁraie molety of EPO may be analogous to

those described in Example Protocols 8 and 5.
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According to a further preferred embodiment, the free SH-group is part of a natu-

rally-occurriag cysteine or of an added cysteine.

Mammalian EPO bas several cysteines which mrmaliy form disulfide bonds.
However, by replacing at least one of the cysteines by another aming acid {e.g. by
recombinant means}, it is possible fo obigin an EPO where at least one of the natu-
miiy cpccumng cysteines campnses a fise Si-§~gmup Methods for the mgziaeemem
ef amino acxeis are known in the art (Eiimt' Lorenzini, Chang, ﬁarzﬁay Delorme,
1897, Mapping of the setive site of recombinant humen erythedpoietin, Blood,
89(2 ,P 493-502; Boissel, Lee, Prespell 'Cchena Bunn, 1993, Erythropoietin struc-

fure-function relstionships. Mutant proteins that test 8 model of tertiary structure, |
T Biol Chem 268{2%), 15983-83)

Prefersbly, the EPO has the amine acid sequence 6’? human PO and the naturally

gccurring cysteines ars cysteine 29 and/ or 33.

Accordingly, in 2 prefesred embodiment, cysteine 33 is repiégad by another amino

acid and in step ¢} the modified HAS is conjugated to eysteine 29.

, In a further preferred embodiment, eysteine 29 ig replaced by another amino scid

and in siep c} the modified HAS is conjugated to cysteing 33.

In the context of the present invention, by the térm “added cysteines” it is meant
that the polypeptides, §referabiy ERO, comprise a cysieine residue which is not
present in the wild type g;olypeptide This can be schieved by addiné {e.g. by re-
combinant means) a (:ysteme residue ¢ither at the N- or at the C-terminus of ﬁzs
polypeptide or by replacing (s & by rﬁcgmhmam means) a nanmii} ~OCCUrEing |
amino acid by cysteine, The respective methods are known to the person skilled in
the art {see above).
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Prefesably, the zdded cysteine has been added by réplacing a naturally occuring

amiso acid by a cysteine.

" In a preferred embodiment, the EPO is huran EPO and the replaced amino acid

residue is serine 126,
Preferably, the modified HAS is conjugated in siep ¢) to the added cysteine.

In step b} of the methed of the invention, modified HAS is provided which is ca-
pable of reacting with the EPO of step a). '

In this context, the HAS may be preferably modified at its re&ucing end. This has
jthé advantage that the chemical reaction can be controlled easily and that the
skitled person can be sure which group of HAS is modified during the reaction.
Since only one group is introduced into the HAS, crosslinkdng between different
EPQ m@iecuiles by multifonetional HAS molecules and other side reactions can be

prze-veme:d‘
Accordingly, the modified HAS may be capable of reacting either with

(1) at least one group Hnked, either directly or via a linker molecule, to sulfide
* groups or carbohydrats moleties of EPO, o 1
(2) ot least one carbohydrate moiety, which Is preferably oxidized, and /or

{3} ot least one free SH-group.
With respect 0 point (1) above, the modification of HAS will depend on the
group linked to EPO. The undertying rmechanism are known in the art. An exam-

ple is given in Example 4, 2.1,

With respect to points (2} and (3) above, several methods are known in the art to
modify HAS. The basic principle underlying these methods is that either a reac-

PUT/RP2003/008858
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tive group of HAS is modified in order 1o be capable of reacting with the carbo-
hydrate moiety or SH-group or 2 linker molecule is conjugated to HAS which
contains & reactive group being capable of reacting with the carhohydrate moiety

ot SH-group.

In case of point (2), the modified HAS may be capable of reacting with oxidized

carbohydrate moleties, preferably a terminal saccharide residue, more preferably

galaclose, or a terminal sialic acid

Beversl ways are known to modify HAS such that it is capable of reaciing with an

oxidized, preferably iermmai saccharide residue. As mentioned above, this m@dn~

i3

fication may be introduced regmsgiectwely &l the reducing snd of tizf: HES- cham =
In this case, in a first ste, the aiéahyde group is oxidized to 3 lactone, The modi-
Fications include, but are not Jimited to the addition of hydrazide, amino {aisa hy-
droxylamino), semicabazide of thiol ﬁmctxms i HIAS, either directly or via a
linker, ’ﬁege ta&hniquﬁ are explained in further detail in Examples 2.4. Further-
more, the mechanisms per se are known in the art {.ﬁee eg DE 196 2;8 705 AL

" Hpoe et al, 1981, Carbohydrate Res., 81, 39 Fissekis et al, 1960, Journal of Me-

20

3

dicinal and Pharmaceutical Chemistr}, 2 47 Frie, 1998, dzpioma thesis, Fach-»
hochschule Hamburg, DE).

Wiﬁniﬁ the present invention, the sddition of a hydrazide er hyeimﬁyiamim func-
tion is preferred. En. this case, by preferably conducting the reaction of step ¢y of
the ﬂ:aathod of the pre:smt invention at pHof 5.5, it is ensured that the modified
HAS reacts selectively with the nxxdzzr:d carbohydrate moisty of EPO without
inter~ o intramolecular EPG cmmoimiﬁng by imine formation of Iysin side chains

with the oxidized saccharide residue, |

In the case of point (3), alsc several ways are known to modify HAS such thet it is

capable of reacting with a free SH-group. Preferentially, this modification is in-

troduced regloselectively at the reducing end of the HESﬁhain. The medheds in-
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clude, but are not limited to the addition of maleimide, disulfide or halogen
scetarnide functions to HAS. These technigues are explained in further detail in

Examples 2edh,

Futher detaiié about these techniques can be obtained from Chamov et al, 1992,
I. Biol. Chem., 267, 15816; Thorpe et al, 1984, Eur. 1. Biochem,, 140, 63;
Greenfield et al,, i%ﬂ,_C&nmr 'Rjeseamh, 30, 6600 as well a5 from the iitargﬁure

cited in Example 2, 1.3,

Further possible functions are listed in Table 1, providing & systematic overview
over possible linker molecules. Furthermore, the mechanisms per se are known in
the art. ’

Several linker molecules which are useful in the context of the present invention
are known in the art or commercially available {2.g. from Pierce, avallable from
Perbio Science Deutschland GmbH, Bonn, Germany}. Examples are given in Ta-
bls 2. |

In step ¢} of the mathod of the presem invention, the EPO of step ) with the HAS
of siep b) is reacted, whersby an HAS-EPQ is produced compz*smg one of msm
HAS molecules, wherein the HAS i mnjugated o the ERQ via s carbohvdrate

moiety or via a thiosther,

In prmcipie, the detailed methods how t© react the EPO with the modified HAS
depend on the individual modification of the EPQ and for the HAS and are known
in the art (see e.g. Rose, 1994, 1, Am. Chem. Soc., 116, 30, O'Shannessay and

. Wichek, 1990, Analytical Biochemiswy, 191, | Thorpe et al,, 1984, Eur, 1. Bm«

chem., 140, 63; Chamov et al,, 1992, J. Biol Chem. 287 35;936

For the methods exemplified in the present invention, the details are given in Ex-

amples 2-4, especially 4.
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Step ¢} may be performed in 2 reaction medivm comprising at least 10 % per
weight Hy0. '

The reaction medium in this preferred embodiment of the method of the invention
comprises at Jeast 10 % per wel gh{%’aiﬁg prefemd at least 5¢ %, more preferred
at feast 80 %;g.gc 93 % or up to 100 %, Thé degres of organic solvents is saleu-

lated respécﬁvely, Cénsequemiy, the reaction takes place in an ‘agueous phase.

The preferred reaction medium is water,

One advantage of this embodiment of the method of the invention is, that it is not
necessary to use toxicologically critical solvents and that therefore it is not neces-
sary o remove thess solvents after the production process, in order to avoid the
contamination with the solvent. Furthermore, it is not necessary to perform addi-
tional quality controls with resﬁ:»ec& to residual toxicologically critical solvents. It

is preferred to use ss organic solvents toxicologically not critical solvents ke

ethanad or propylenglycol. ..

Anvther advantage of the method of the im‘eﬁﬁimﬁ is that irreversible or reversible
strustural changes sre avoided which are induced by erganic solvents. Conse-
quently, polypeptides obtained according to the method of the lnvention are dif-

ferent from those prepared in organie solvents such as DMSO,

Furthermore, it has been surprisingly observed that the conjugsiion of HAS to
drugs in an aqueous solution minimizes or avoids side reactions. {chéague:nﬁy,
this embodiment of the method of the invention leads to improved products with

great pusity.
In the context of the present invention, the term "hydroxyalkylstarch” is used to

indicate starch derivatives which have been substituted by hydroxyalicylgroups. In
this context, the aikyi group may be substituted, Preferably, the hydroxyaliyl con-

- PUT/EP2003/008838
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taing 2-10 carbon atoms, more preferably 2-4 carbon atoms. "Hydroxyalkylstarch"

therefore preferably comprises hydroxyethylstarch, hydroxypropylstarch and hy-

- droxybutylstarch, wherein hydroxyethylstarch and hydroxypropyistarch are pre-

ferred,
The hydroxyalkylgroup(s) of HAS contain at feast one OH-group.

Hydrogysthylstarch (HES) is most kprefemtd for all ambodiﬁems of %hé present

fnvention,

The expression “hydmxyaikylsmrc' * also includes derivatives wherein the atkyl
grau;é is mono- or polysubstituted. In this mmexﬁ, it is preferred that the alkyl
greﬁp is substituted wzth a halogen, .especiaiiy fiourine, or with an anyl group,
provided that the HAS remains water soluble, F urthermore, the terminal hydroxy
group of hydroxyalkyl may be esterified or etherified. In addition, the alkyl group
of the hydroxyalkyistarch may be linear or branched.

Furthermore, instead of alkyl, slso linear or branched substituted or unsubstituted

alkylens groups may be used.

In the context of the present invention, hydroxyethylstarch may bave & reas mo-

lecalar weight (weight mean) of 1-300 kDs, wherein & mean molecular weight of

'S~§G€},3d_.'3a is more prefered, Hydroxyethylstarch may further exhibit a molar

degree of substitution of 0.1 to 0.8 and a ratio between CpCs-substitution in the

" range of 2-20, with respect to the hyidmxyamyigmugs.

The HAS-EPO produced by the method of the invention can be purified and char-

acterized as follows:

Eseiaﬁmﬁ of the HAS-EPQ can be performed by using known prosedures for the

purification of natural and recombinant EPO {e.g size exclusion chromatography,
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ioneexchange chromatography, RP-HPLC, bydroxyapatite chromatography, by-

drophobic interaction chromatography, the pmsedur:: described in Example 203

or combinations thereof ).

The covalent attachment of HAS to the EPO polypetide can be verified by carbo-
hydrate compositional analysis after hydrolysis of the modified protein {mtio of
hydroxyethylglucose and mannose present on the theee N-glycosylation sites of
EPQ). '

Demonstration of HAS modification at N-linked oligosacchatides of EPO can be

accampiished by removal of the HAS meiiﬁaﬁ N~gﬁy¢ms and observation of the

predicted shifi to higher mobility in SD3-PAGE +/- Westem Blotilng analysis,

HAS modification of EPO at cysteine residues can be demonstrated by the failure

to detect the comspondiﬁg protenlytic Cys~§epti«:is in RP-HPLC and

MALDITOF-MS in the pmte@iyﬁc Fagments of the ‘HAS-modified product
{(Zhou et al., 1998, Application of capillary elecirophoresis, Hguid chromatogra-

© phy, electrospray-mass  spectrometry  and  matric-assisted laserdesorp-

tionfionization - time of flight - mass spectmmgtry to the characterization of re-
combinant human eryﬁhm}.mietiﬁ* Electrophoresis, 19(13), 2348-5 5). The isolation
of the }msoc:a)?niaining fraction afler proteoiyiic diges;tim of the Cys-modified
EPQG enables the veriﬁcatién in this ﬁ"&ﬁ.ﬁ(}ﬂ of the carrespén;iing pepﬁde by c@ﬁv‘

ventianal amino acid compositional analysis,
All embodiments disclosed sbove with fespeci of the HAS-EPQ of the invention
cmﬁcemﬁng properties of EPO or HAS apply also 1o the method of the invention

for preparing a HAS-ERQ.

The invention further relates to & HAS-EPO, obtainable .by the method of the in-

vention. Preferably, this }L&S-.E?é has the features as defined for the above HAS- -

EPQ of the invention.
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The invention further relates to a HAS-EPQ according to the invention for use ina

method for reatment of the human or agimal body.

Furthermore, the present invention relates to a pharmaceutical composition com-
prising the HAS-EPQ of the invemim In a preferred embodiment, the pharma-

ceutical composition comprises ﬁm’har af least one pharmabcumsaiiy accep’iabie

diluent, s.djuvant and/or carrier useful in cwthmpmetm therapy

The pharmaceutical corposition is pfefargbiy used for the treatment of anemic

disorders or hematopoietic dysfinction disordess or diseases related thersto,

A “ﬁaerag&cﬁxticaﬁiy effective amount” a3 uég:ci herein refers to that amount which
provides therapeutic effect for 8 given condition and adrainistration regimen. The |
administration of erylivopoielin isoforms is preferably by parenteral routes. The
speziﬁé route chasén will depend upon the condition being treated. The a&nﬁm
sixa—mm of erythropaistin isoforms is preferab‘y dm@ as part of a formulation con-
tzmamg & suitable carrier, such as human serum aibmmm 3 suitable (iﬂmmg suchas
a buffered saline sahmon, and/or a suitable adjuvant, The requxred dosage will be
in smounts suﬁci.em o raise the hemafocﬁt of patients and will vary (’.épénéing

upon the severity of the condition bemg ﬁreate:d the method of adm&msﬁxamn' f

used and the fike,

The object of the treatment with the ﬁhaxmacéuticai composition of the invénﬁa;x
is preferably an increase of the hemoglobin value of more than 6.8 zﬁmiﬂ in ﬁae.
blood. For this, the pharmaceutical composition may be administered ina way
that the hemogiobin value increases between 0.6 mmoll and 1.6 mmolil per week.

if the hemoglobin value exceeds 8.7 mumoll, the therapy she}uid be preferabiy

interrupted until the }aemegi obin value is bei@w £.1 mmolAL,
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The composition of the invention is preferably used in a formulation suitable for
subxutancous of intravenous or parentesal itzjcstian. For this, suifable excipients
and carriers are &.g, sodinm dxhydmgﬂn phosphate disodium hydrg gen phgsphate,
sodium chiorate, pclysorbata 8{} HSA and water for injection. The composition
"5 maybe admmiﬁtersd fhree nmes a week, prefersbly two tzmes a week, more pref-

erably once a week, and mest preferably every two weeks.

 Prefersbly, the 'pharmaéeaﬁcaﬁ coﬁa;é@s:tion is administéreé in an amount of 0.01-
] ;s,g/'icg body . wezgh& of the patient, more preferably i} 1§ pgks, (31 0 1
10 p.gfkg? or 0. 2 0.9 gagfkg most preferabiy 0.3-0.7 ;A.g/kg, and most pr@fﬁmcﬁ §4-0.6

giicg body ws;ght

..In gmerai preferabiy between i% pg and 200 pg, preferahiy between 15 pug ami
106 ;zg are administered per dosis,
5 S
The invention further relates to the use of s HAS-EPO of the invention for the
proparation of a medicament for the trestment of anemic disorders or hematopoi-

etic dysfunction disorders or diseases related hereto,

28 According to g further aspect of the present mventmn the problem is solved by &
hydmxvaﬁkyistamh {HAS)- puiypegnée conjugate {HASapsiypepfxde) mmpnsmg
one or more HAS molecules, wherein each HAS is csnjugated 1o the poiypepzxée

via

35 28} acarbolydrate moiely; or
by & thicether,

The HAS-polypeptide of the iavémim has the advantage that it exhibits an im-
proved biclogical stability when compared to the polypeptide before conjugation.
30 This is mainly dus o the fact that HAS-polypeptide is less or not recognized by

the removal systems of the liver and kidney and therefore persists in the cireula-
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tory system for a Jonger period of time. Furthermore, since the HAS is aﬁacheé
site-specifically, the risk of destroving the in vive bisiogi;ai activity of the poly-

peptide by cenjugaﬁiém of HAS to the polypeptide is minimized.

5 The HAS-polypeptide of the invention has mainly two components, namely the
polypeptide and the hydroxyalkylstarch {HAS) linked thereto,

The polypeptide can be of agy human or ammal sowree. In 8 prefemci smbod:~
ment, the polypeptide is of human SOUTCS,

10 S ‘ .
"The polypeptide may be 3 cytokine, especially erythropoietin, an anﬁﬁwambin.
(AT) such as AT Eﬁi, an inierieﬁkin, gspeciaiiy- interleukin-2, IFN-beta, IFN-alpha,

. G-CSF, CSF, interleukin-6 and therapeutic antibodies. |

15 According 1o a preferrad embodiment, the polypeptide is an antithrombin (A’i‘},
preferably AT I {Le{iy JH, Weisinger A, Ziomek CA, Eehelard Y, Recombinant
Antithrombin: Fx‘@;ﬁu{:ﬁiéﬁ and R@Ee in' Cardiovascular Dismx}dezr, Seminars in
'E’hmmﬁusis and Hemesmsis '27, 4 {2001) 405-416; Edmunds T, Van Patten 8M,
Pollock J, Hanson E, Bemascani R, ﬁiggizﬁs E, Manavalan P, Ziomsk C, Meade

20 H, Mﬁi’fhgrs‘m I, Cole ES, Transgenically Pmdmegi Human Amit?imx.nbin‘: Sﬁmc;

tural and Functional Ccmparisgﬁn to Human Plasma-Derived Antithrombin, Blood
91, ;2 {1998} 466146?i; Minnema MC, Chang ACK, Jansen PM, Lubbers YIP,
Prant BM, Whitiaker EG; Tavlor FB, Hack CF, Friedman B, Recombinant huzﬁan
ami&m}mbm Il improves survival and attenuates inflaramatory responses in ba-
25 baéz}s lethally chailenged with Bscherichia coli, Blood 85, 4 (2000) 1117-1123;
Var Patten S0, Hanson EH, Eerhaséani R, Zhang K, Manavaln P, Cole ES,
Mc?herson I, Bdmunds T, Oxidstion of Methionine Res‘ dues in Antithrombin,

1. Biol Chenmtry 274,13 {3?99} 16268 262?6}
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According to another preferred %ﬁﬁbﬂéimem the polypeptide is human [FiN-beta,

in particular IFN-beta la {cf. Avonex®, REBiF@) é.nd TFN-beta 16 (cf

BETASERON@)

A further preferred pelvpep&adc is human b«CbF {granmecyte coicmy snmuiat;mg
factor). See, e.g., Nagata et al,, The chmmammai gene structure and two mRNAs

¢ for heman granulocyte colony-stimulating fictor, EMBO J, 5 575-581, 1986; i

H

Souza et al;, Recombinant human granuiocyﬁ@ cciony»sﬁmuiaﬁng féctor effects
on mormal and Jeukemic mycimd cells, Science 232 (1986) 61-65; and Heman et
a.i Characterization, fmmxﬁaﬁom and stabilily of Neupogen® (Fil grastim), a re-

wmbman& human gtamiaa:yte»&icny stimulating iaci@r i meuiaiwn, charac-

. terization, and stability of protein drugs, Rodney Pearlman and Y. John Wang,

i3

eds, Plenum Press, New Yok, 1996, 303-328

- With respect to erythropoietin, all embodimmis diéc!os&é above also apply hér@.

meembiy, the polypeptide i is mcombmantiy pmduceei "E"bis includes th@ produc.

- tion in eukaryotic or prekarvaim ﬁeiis };areferabiy mammaizan, insect, yeast, bacte-

K
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ria cells or in any other cell type whxe:h is convenient for the recombinant produce
tion of the pglypé:pﬁds, Furthermorg, the p@iypepﬁda may be expressed in trans-
genic snimals (2. in bady fiuids like mill, b @cd eie. ), in eggs of tmnsgemc

b;rds myema.iiy poultry, preferved chicken, or in fransgenic piams

The recombinant pméius&ion of 3 polypeptide is known in the art. In peneral, this
inﬁéiu{i@s the transfection of bost cells with an appropriste expression vestor, the
cultivation of the host cells ﬁnd@g conditions which enable the production of the
polypeptide and the purification of the polypeptide from the host cells. For de-
tailled information see e.g. Krysiéig Pankratz, Farber, Smart, 1986, Purification of
human erythropoletin to homogeneity by a mﬁsid five-step procegiure, Blood,
§7(1), 71-9; Quelle, Caslake, Burker, Wojchowski, 1989, Highlevel expression
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and purification of a recombinant human erythropoietin produced using a bacu-
lovirus vector, Blood, 74(2), 652-7, EP 640 619 Bl and EP 668 351 Bl.

The polypeptide may comprise one or more carbohvdrate side chains atiached to
the polyppetide via N- and/ or O-linked gEycésyiatiam‘i.e. the polypeptide is gly-
cosylated, Usuaiiy; when a poiygepﬁde' is produced in sukaryotic cells, the poly-
peptide is postiransiationslly giycasyﬁéteda Cﬁnsequemiy, the carbohydrate side

chains may have besn a&tac}ie:d to the polypeptide during biosynthesis in rammal- .

ian, especially human, insect o yeast cells,

The HAS may be directly conjuga_ted to the poiyyepéide or, alternatively, via &

linker molecule. The nature of the linker molecule depends on the way how the -

HAS is Hinked to the pelypeptide. Several linkers are commercially available (o.g.
from Pierce, sec above). The nature of the linker and its puspose are described in
detall below in the section concerning the method for the production of HES-

polypeptide is discussed.

According to a preferred embodiment of the HAS-polypeptide conjugate of the |

invention, the HAS is conjugated to the polypeptide via a carbohydrate moiety,

Preferably, this applies if the polypeptide is an antithrombin, preferably ATIIL - -

In the context of the present invention, the term “carbohydrate molety” refers 4&0
ﬁydrﬂxygidghyées or hydroxyketones as Weii as to chemical modifications th;“:rf:of
{see Rémpp Chemi@iexikdn, 1990, Thieme Verlag Stuttgart, Germany, 9% edition,
9, 2281.2285 and the literature cited therein), F mhemaré;, it also refers to :icrivé{
tives of aaturslly accuﬁﬁg carbohydrate moieties like ghucose, gaiécmse, man-
nose, sialic acid, and the like. T}g term also includes chemically oxidized natu-

rally occuring carbohydrate moieties wherein the ring structure has been opened.

The carbohydrate moiely may be linked directly to the polypeptide backbone.
Preferably, the carbohydrate moiety s part of a carbohydrate side chain. In this
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case, further carbohydrate moieties may be present between the carbohydrate

moiety to which HAS is linked and the poivpcpﬁds backbone, More preferably,

 the carbohydrate moiety is the tezmmai moiety of the wxboh;\, drate side chain.

In a more preferred embodiment, the HAS is conjugated 0 a galactose sesidue of
the carbohydrate side ébain.s, preferably the terminal galacmse sesidue of the car-

bohydrate ssde c&mn This gaiacmse resuiue can be miade avaalabie for Qﬁﬁ_}ﬁl"&“

tion by remmai of t»rmmai sialic acicis, fcliewed i:w ﬁx:daimn fsee bei@w}

In 4 further more preferred em&oéiment the HAS is cc}mugatbd to & sialic acid

reszdue of the carbohyd:ate side chains, preferably the terminal stalic acid residue

of the carbohydrate side chain.

. Furthermore, the HAS may be conjugated 1o the polypeptide vig & thioether. As
~exphined in detail below, the 8 ators can be derived from any SH group attached

o the p@lypeptﬁde; both natm’aiiy of non naturally ocourring.

Ina praferreei embodimem the 3 amm may be derived from a SH gr(}up wi‘uch
has been intraduced in an (mdxzed carbohydrate moiety of HES, pmferably an
oxidized c&hohvdz‘aw mme&y which i as part ai’ s carbohydrate sxde chain of the
polypeptide {see ’se‘iﬂw) '

Preferably, the 5 atom in the thivether is derived fmm a ﬁamraiﬂy-acs.umg cys-

teine or from an sdded cysteine,

In the context of the present invention, by the term “added cystsims” it is meant

that the polypeptides eomprise a cys twine residue which is not present in the wild-

typepolypeptide.

In the context of this aspect of the invertion, the cysteine may Ez* an addntwnaﬂ

arming acid saddezi at the N-or - tezmmai end of the pﬁiypepnde
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Furthermore, the added cystelne may have been added by replacing @ naturally

oceuring amino acid by a eysteine.
The second component of the HAS*;}GE ypeptide is HAS.

ia the context of the prassm invention, 111@ term ’hydmxyalkyistarch" is used 0
mdmate starch derivatives which have been substituted by hydroxyalkyigroups, In
this cantext, the alkyl group may be substituted, mearablv the hydmxvalkyi con-
tains 2-10 carbon atoms, more praferably 2-4 cafrb@n gtoms. “Hy,dmxy alkyletarch”

therefme preferably comprises hyzimivmhyﬁstmh hydrosypropylstarch and hy-

. dmwbutyisiarch wherein hyeimxydhyﬁs:amh and hydmxypmpyiswch arc pre-
ferved.

The hydroxyalkylgroup(s) of HAS contain af least one Oﬁégmupe e

The expression “hydroxyalkylstarch” also includes derivatives wherein the alkyl

. group is mono- or polysubstituted. In this context, it is preforred that the atkyl

group iz substituted with an halogen, especially flowrine, or with an aryl group,
provided that the HAS remains water soluble. Furthermore, the termingl hﬁfdmxgr_
group of hydroxyalky! may be esterified or ctherified. In addision, the a_ﬁkyi group
of the hydroxyallylstarch may be lineas or branched.

Furthermore, instead of alkyl, also linear or branched substituted or unsubstituted

alkene groups may be used.

Hydroxyethylstarch (HES) is most preferred for all embodiments of the pxes&ﬁx&

invention.

In the context of the present invention, hydroxyethylstarch may have a mean mo-

iecular weight (weight mean) of 1-300 kDa, wherein a mean molecular weight of
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S-100 kDa is more preferred. Hydroxyethylstarch can further exhibit 2 molar de-
gree of substitution of 0.1 10 0. 3 and a ratio betwesn C:Cs- substzmimn in ihe

range of 2-20, with respyci to the hydmwe:thyigmups

The HA&poiypeptide may comprise MZ, preferably 1-9, 1-6 or 1-3, most pre-

 ferred 14 HAS molecules per polypeptide molecule. The number of HAS-

molecules per 'psl‘ypeptiée;meieéuie: can be determined ?5}' quantitative ca:blohym-
drate cc;mpr}sitianai analysis 'using GC-MS after hydrolysis of the product and
demvausanm of the resaitmg monosaccharides (Chap in and Kennedy, 1986,
Caibghydmte Analysis (eds.): a practzcai approach ed., Chapter 1. Monosaccha-
rides page 1-36; Cﬁapte: 2. Oligosaccharides page 37-53; Chap&er ER N@utrai
Polysaccharides; 53-96; IRL Press Practical approach series {ESEN 0-94?945_44«

)

All &mb@dimema disclosed below with respeca; of the method of t‘he invention to

produce g HAS~poiypepﬁde concerning pmpames of the paivpept;de or HAS ap-
ply also to the HAS-polypeptide of the invention. Furthermore, all embodiments
disclosed above with respect to HAS-EPQ or the prepamtién thereof which relate
to peptﬁées in genemi or to HAS apply also t@ the HAS-p@lypepLde of the inven-

tmn

Hydréxya&yistarcﬁi is an ether derivative of starch. Besides of sald ether deriva- |

tives, also other starch derivatives can be used in the context of the present inven-

tien. For example, derivatives are mﬁﬁi ~which comprise esterified hydmxy

groups. These derivatives may be . g. derivatives of unsubstituted mono- or di-
c:;a.rboxyixc acids with 2-12 carbon atoms or of substituted derivatives thereof, Es-
pecially useful are derivatives of unsubstituted monoearboxylic acids with 2.6

carbon atoms, especially of geetic acid, In this context, acetyistarch, butylstarch or

propylstarch are preferred.
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. Furthermore, derivatives of unsubstitated dicarboxylic acids with 2-6 carbon at-

oms are preferred,

In thf: case Qf derivatives of aiat:armxyhc scids, it is usefud that the secoud carboxy

- group of the dz.,arngvhc acid is also esterified. Furthermore, dmvatgvss of

momaikyi esters of dicarboxylic acads are also suﬁa‘aie in the comexa‘ e)f the pre-

sexnt invention,

For the substituted mono- o dicarboxylic acids, the substitute groups may be

prefergbiy the same as mentioned above for substituted alkyl residues.

Techniques for the estﬁriﬁcaﬁen of starch are known in the art {see e.g. Kicmx;ai D.
et al, Comprehensive Cellulose Chémistry Vol. 2, 1998, Whiley-YCH, Weinheim,
New York, especiaily chapter 4.4, Esterification of Cellulose (ISBN 3-527-29485-
9. ' |

In 3 further aspect, the présenf invention relates to & method for the pradustion of
a hydroxyalkyistarch (HAS)- paiypeptxde c@njugam &%S»;asivpcptﬁde‘) COmpris-
ing the steps oft

a} §roviding a p@iypepﬁdé being capable of xeacﬁng with m@diﬁesi HAS,
) B pmwdmg msémed HAS bemg capable of re:as:tmg with ihs polypeptide
of step g), and '
) ' reacting the pﬁiypepme m‘f step a) with the HAS of step 1), whersby an
‘ HAS«poEypepﬁde is produced comprising one or more HAS molecules,
| wherein the HAS is conjugated to the polypeptide via
H oa éar“mhysirate moiety; of
i) athivether. .,

The method of the invention hes the advantage that 2 HAS-polypeptide conjugate
is produced which exhibits 8 higi& biological activity. Furthermore, the methed of
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the ivention has the advantage that an effective polypetide de:rivative can be pro-
duced at reduced cost since the method does not c@mpmc extensive and time con-

summg ptmimamz} steps resulﬁmg in fow final yield,

Accordingly, in the first step of the method of the invention, a polypeptide is pro-
vided which is capable of reacting with modified HAS.

As used in the pi‘esmt invention, the term “pmvi&ing” has o be interpreted in the
Way that after the respective step a molecwle (in step a) a polypeptide, in step b)
HAS) with sbe destred pmyemes is avaxiabﬁe

In the case of step 8}, this includes the purification of the polypeptide from natural
sources as well ag the recém.binant production in host cells or organism, and, if

necessaty, the m@diﬁcaﬁmt of the polypeptide so obtained.

With respeet to the polypeptide being the starting material of the present inven-
tion, the same appiiea as for the erythropoistin being part of the ﬁ&S-yﬁiypﬂgﬁde
emjugaie of the invention. In this context, the prefeneé embodiments dxse,iﬁsed

above appiy aiso for the methﬁd of the mventmn

 Preferabily, the polypeptide is técombimﬁﬁy pfadnceci.l This includes the produe-

tionin eukaryotic or prokaryotic cells, preferably mammalian, insect, yeast, bate-
rial cells 0} in any other cell type which is convenient for the recombinant produc-
tion of the polypeptide. Furthermore, the polypeptide may be axpﬁ*essa:ci in trang-
gcm‘cvanimais {e.g. in body fluids like milk, blood, ete), in eggs of transgenic

birds, especially pﬁﬁitgy,‘ prafémd chicken, o7 in transgenic plants,

The recombinant production of a p{}iypepﬁ&e is kxiown in the art, In general, this
includes the transfection of host cells with an appmpmate expression vecmr, the
cultivation of the host cells under ccndztwns which enable the production of the

poiypepnde and the purification of the palypept;de from the best sells (Krystal,
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Pankmiz Farber, Smart, 15386 Purification of human erythropoietin to homogene-

ity by a rapid five-step procedure, Blood, 67(1), 71-8; Quelle, Caslake, Burkert,

Woichowslki, 1989, High-level expression and purification of a recombinant hu-

 man erythropoietin produced using a baculovirus vestor, Bloed, 74(2), 651-7; EP

640619 Bl and EP 668 351 B} .

The paiygepizdﬁ may wmpmse one or more carbohydrate side chains attached 10 .

the peiypepmie via N- and/ or O- lmked giymsyiamn, i.e the polypeptide is gy~

_ cosylated. Unsually, when the polypeptide is produced in sukax‘ymw cells, the

polypeptide s posttranslationally glycosylated. Consequently, the cax’b’aﬁ;ydrm -

side chains may have been attached 0 the polypeptide during production in

. mammalian, especiaily human, insect or yeast cells, wherein the cells may be

Ti3

20

30

those of a ransgenic animal or plant (see sbove}.

“These carbohydrate side chains may have been chemically or f:nz}&naﬁicéiiy mséi;

fied aﬁer the gxpression in the apprépriate cells, e.g. by rexﬁecwing or adding one

oY mors wxbchyémie moicties (sce: 2.8 Dittmar Conradt, Hauser, Hofer, Lin-

denmaisr, 1985, Advances in Pmtem siesngn, Blneck”rs Collins, Schmidt, and.

Schomburg eds, GBI"»Mcmgraphs, 13, 231-246, VCH Publishers, Wemhezm,

New York, Cambridge)

1t is the obiect oi; the method of the invention o provide an }EASxpoiypepﬁde
compising one or more IEiIA% molecules wherein ﬁhe HAS is conjugated to the
polypeptide via a carbohydrate ﬁaiety ) gf via a thivether (u} Conseguently, the
pnlypeptide'pmvided in step a) should have the properties that & conjugation via 8
carbolyydrate moiety and/ or via s thiosther is possible. Therefore the polypeptide

- after step a) may preferably contain ¢ither

{1} at least one reactive group linked, eithér dieectly or via a linker molesuls, to )
* sulfide groups or carbohydrate moleties, which is capable to react with HES or
modified HES, '
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{2} at Jeast one casbobydrate molety to which soodified HAS can hé conjugated,
andlor

{3} at least one free SH-group.

With respect to possibility (1) above, the paiypeptzdc of step a) is pacfuabiy abu
tainable by conjugating an appropriate linker molecule to the SH~gmup(s) OF Car-
bohydrate moieties of the poiypcpttdn An example for such 2 modified polypegy
tide is provided in Emmple: 4, 21 Itis imporiant 1o ensure that the addition of the
tinker molecule does not damage the paiype?txdﬁ. However, this is known tolihe
person skilled in the mtl,' | o

With respect to possibility (2) above, in a prefemé embodimeﬁts the modified
HAS is conjugated to the polypeptide via a ca;rbaliydrate moisty. '

’I"he @ax&éahydmté moiety may be linked directly to the polypeptide backbane,

" Prefersbly, the carbohydrate moiety is part of a cashohydrate side chain, In this

t case, further carbohydrate moieties may be present batween the carbohydrate

maoiety 8 which HAS is finked and the polypeptide backbene. More prgfembiy,

the carbohydrate molety is the terminal molety of the carbohydrate side chain.

Consequently, in 2 preferred embodimen, the modified _HAS is attached {via a l
linker or not, see below) to carbohydrale chains linked to N- and/ or 01,

ghycosylation sites of the polypeptide.

However, it is aisa inclgée& within the present invention that the poiyﬁeptide con-
tains {a) further carbohydrate meiet{y)ies to which the modified HAS is conju- '
gated. Techﬁiq_ues for attaching earbohy&ré.ta moieties to polypeptides, sither en-
zymatically or by genetic ::xwi:ieéring, followed by expressiﬁn in appropriate
cells, are known in the art (Berger, Greber, Moshach, 1986 Gaiactoayﬁtmnsfame:»
df:pendent sialylation of complex and smds—N—acﬁtyigiuccﬂamamdase H-treated
coRe Neglycans in vivo, FEBS Lett,, 203(1), 64-8; Dittmar, Conradt, Hauser,
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Hofer, Lindenmaier, 1989, Advances in Protein desipn; Bloscker, Collins,
Sechmidt, and Schomburg eds., GBF-Monographs, 12, 231-246, VCH Publishers,

Weinheim, New York, Cambridge).

Ins ?re:f@md embodiment of the method of the invention, the caxbohydraté o

‘ ety is oxidized in order to be able to react with the madzﬁeei HAS This oxidation

can be performed en:her chemxcaﬁiy or enzvmahcaiiy

Methods for the chemical oxxdaﬁwn of Qarbohvdxate maoisties sf pgiypsptades are
kmwn in ﬁhe art and include the ﬁma&mmt wzth pcx;;cciatg, (Chmxow etal, 1992, 1,
Biol. Chem., 267, ’15916 15922). -

‘Ey chemically oxidizing, it is principally possible to exidies any carbohydrate,

m@iety,' being tcmxinaily positioned or not. However, by choosing mild conditions

(L mM p@ximiate,e 8°C in cordrast to harsh cs:mdiﬁons* 16 mM periodate th at
room temperature), i is pcssgbie to preferabiy ﬁxxdm the terminal aafbohydrﬁte »

K moiety, e.g. sialic acld o gajactosy, of a carbahydme snde chain.

 Alternatively, the aarbohydratﬁ'maiatv may be Qxieiized enzymatically. Enzymes
for the oxidation of the individual carb@hydmte moieties are kmwn in the axt, e.8.

in the case of gaiactcsc the mzyme is galactose oxidase.

I£ it is intended to oxidize terminal galactose moieties, it will be eventually neces-
sary {o remove terming sialic acids (partially or mmpiéteiy} if the polypeptide
has been produced in cells capable of aﬁaﬁhing sialic acids to carbohydrate chains,

' e.g in roammalian cells or in cells which have been genetically modified to be -

capable of attaching sialic acids to carbohydrate chains. Chemical or enzymatic '
methods for the removal of sialic acids are known in the art {(Chaphin and Ken-
nedy (eds.), 1996, Carb@hycimtc Analysis: a pracﬁcaﬁ approach, especially Chap-
ter 5 Montreuill, Giycopmteim, pages 175-177; IRL Press Practical appmach 56
rigs (ISBN §- 94?‘346*4&3))
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However, it is also included within the present invention that the carbohydrate ,
meiety to which the modified HAS is to be aﬁachedié attached to the polypeptide
within step a}. In the case it is desired to atﬁaéh galactose, this can be achieved by
the means of galactose transferase. The methods are known in the art (Berger,
Gresar Mosbach, 1986, Gaiactosyitransferase—depmdenf sxaiyiatm of s@mpiex
and endo-N- acetyig uhosammidase H~trea€ad oore N—gEycams in vitee, FESS Lett,

C 2000, 64«@)

In amost preferred ervbodiment, in step ) the polypeptide is modified by oxidiz
Aing at least ome terminal saccharide unit, preferably galactose, of the one of mote

. carhohydrate side chains of the polypeptide, preferably after partial or cgmfslcte

{enzymatic and/ or chemical) removal of the terminal sialic acid, if necessary {see |

© above).

Csnscqumﬂy, preferably the maézﬁed HAS is ccnj jugated to me oxidized te*mmai

sacchmde unit of the e;arbohyéxm chmn, prnferabiy galactoss,

Ina ﬁirthsr pmfm@d @mbedamﬁm {see psmt {3) )] above), the po Vpﬁpﬁldé csm-
pnses at least oos free SH~gmup :

‘Accorémg 0 a pr&ferred emiwdmiem, the free Sﬂ—gmup is part Qf 2 namraii

mcurrmg cysteine or of an added cysteine,

Methods for the replacement of amino acids are known in the art (Elliett, -
Lorenzini, Chang, Barzilay, Delonme, 1997 Mapping of the active site of reson-
binant buman erythropoletin, Blood, 89(2), 493-502; Boissel, Les, Presusl,
Cohen, Buns, 1993, Eryﬂxmimieﬁn structure-funiction feiaiimnships; Mutant pro--

“  teins that test a model of tertiary structure, J Biol Chem., 268(21), 15983-53})
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In the context of the present invention, by the term “added cysteines” it is meant

that the polypeptides comprise & cysteine residue which s not present in the wild

" type polypeptide. This can be achieved by adding (e.z. ﬁ}y recombinant means)

cysteine residue either at the N or at the Coterminus of the pﬁiygsepﬁ&e or by re-

placing (e.g. by recombinant means) a naturally-occurring amino acid by cysteine.

The respective methods are koown to tE;é person skilled in the art (see sbove),

Preferabﬁy, the adcii,d cystem‘* has beea addeei by x’ﬂpiacmg 2 namaﬁy oscuring

aming acld by acysteine,
Preferably, the modified HASB is conjugated in step ¢} to the addéd cysteiﬁ@

In step b} of the method of the invention, modified HAS is provided swhich i ¢a~ 3

pable of reacting with the polvpeptide of step a).

In this context, the HAS may be preferably modified at its reducing end, This bas

. the advaniage that the chemical reaction can be cemmited sasily and that the ( :

skilled person can be sure which group of HAS is medaﬁed dumxg the reaction.
Since only one group is introduced into the HAS, cmssimkmg between different
polypeptide molecules by multifmectional HAS molecules and other side reactions

can be prevented.

' ‘Accordingiy, the modified HAS may be capable of reacting cither with

{ at least one group linked, either éiireéﬁy or vié a linker moleculs, fo suifiée
groups o carbohydrate mﬁiﬁﬁeshf thc paiy}sspﬁdé '

{2 at feast one mrbahydm@c mmetys wiuch is preferably oxidized, and /or

{3) at least one free SH-group.
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With zesps@ﬁ to point {1) above, the modification of HAS wﬂi depend on the
group linked to the polypeptide. The ﬁnderiying mechanism are known in the art,

An example is given in Example 4, 2.1,

With respect to points (Z) and (3) above, several methods are koown in the art to

- modify HAS. 'E’he basic principle ﬁnderiying these methods is that sither a reaé«

tive group of HAS is modified in order o be capdbic of reactmg with the carbo-

,hysimte molety or SH-group or 2 Tinker maiecule is conjugated to HAS which .

contains a reactive gmup being capabie of reacting with the carbohydeate moiety

or SH-groug.

In case of point (2}, the modified HAS may be capable of reacting with oxidized
carbohydrate moieties, preferably 2 terminal saccharide residue, more préfe_rabiy

galactose, or with a terminal sialic acid.

Several ways are i\":newn to modify HAS such that it is capable of reacting with an‘ .
oxidized, prreferabiy ﬁe:rminél sacchardde residue. As mentioned above, this modi-
fication may be introduced mgieseiéctively at the reducing end of the HES-chain.
In this case, in a ﬁrsi stép, the aiéishyde group is oxidized to a lacione. The ‘m'sdin
ficahions inc‘il{dc but are not limited to the addition af E‘x};drazida, amino (also hv; 4

drexylamm} semicarbazide or thiol ﬁmcmns 10 HAS, ﬁnth@r dmcﬁy oF via &

. Hoker, Thess techmques are explained in ﬁmher datail in Exampies 24, Furﬁ:e.er-

more, ‘the mechsmisms per se are known in the art {see e.g, DE 196 28 703 Ai
‘V~§me et al, EQSE Carbohydrate Res 81, 39; Fissekds ot al,, 1960, Journal of Me- |
dicinal and thnawutmai Chemistry, 2, 4? Fm I?QS diploma ?.hesxsg Fach-

hachschule Hamburg, DE). h

Within the present invention, the addition of a hydrazide or hydroxylaming fune-

tion s preferred. In this case, by preferably conducting the reaction of step ¢) of

'ﬁhe‘ method of the present invention atapHef 3.5, it is ensured that the modified

HAS reacts selectivily with the sxidﬁzed carbohydrate moiety of the polypeptide
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without inter- or inframolecular polypeptide cross-linking by imine formation of

Iysine side chains with the oxidized saccharide residue.

n the case of point (3), also several ways are known to modify HAS such that it is

| capabie of reastmg with 3 free SH~gmup Pzeferennaﬂy, this modification is in-

froduced regmseisﬂwely af the reeiucmg end of the HES-chain. The methods n-

clude, but are not limited fo the addztmn of maleimide, disulfide or haiagen

acetamide fsmctmﬁs to HAS. These techmques are expiamed in further éetaii in
Examples 2»4

Fﬁnher details about these technigues can be obtained from Chamov et al,, 1992,

5. Biol. Chern., "26‘? 15916; Thorpe ot al, 1984, Eur. I Biochem., 146, 63;
CGrespfield et &1 1990, Cancer Résearch, 50, 66@6 as well g8 fmm the fiterature
cited in Example 2, 1.3.

’“urther possible functions are fisted in T able i g:mv;dmg a systemam overview
over possible linker moleeules. Fwthmmgre the mcc}aamsms per se are known in

the art.

Several inker moleeules wimh are ussful in &hv context of the p"asem invention

© are known in the ast or commemaily availeble (2.g. from Pierce, avmiabie from

" Perbio Science Deutschland GmbH, Bonn, Germany).

In step ©) of the method of the present invention, the polypeptide of step ) with
the HAS of step by is reacted, whereby an HAS-polypeptide is produced compris-

© ing one Or more HAS melecules wherein the HAS is conjugated to the psi?pep-

tide via a carbohydrate moiety or vis a thicether,

In principle, the detailed methods how to react the polypeptide with the mﬁdiﬁed
HAS depend on the individusl modification of the polypeptide and /or the HAS

and are known in thg art {see o8 Emse', $994, §. Am. Chem. Soc., 116, 30;
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0" Shannessay and Wichek, 1990, Analytioal Biockemistry, 191, 1; Thorpe et ak.,

1984, Bur. ] I. Biochem., 140, 63; Chamov et al, 1992, 3. Biol. Chem., 267,
15018).

For the methods exemplified in the present invention, the details ate given in Ex-

amples 2-4, especially 4.

Step ¢} may be performed in a reacﬁnn'mesiium éemprisiﬁg at least 10 % per - |
weight H;0, | V

The reaction medium in this preferred embodiment of the method of the invention

comprises at least 10 % per weight water, prs‘:fmed at jeast 50 %, more pirsfemd o

at Jeast B0 %, eg. 80 % orup to 100 %. The degree of orgamc solvents is caiau-‘
tated respectively. Ccmsequemiy‘ the reaction takes p ace in an aqumus phase

The preferred reacmﬁ medmm is water.

One advantage of this si.nbadiment of the method of the invention is, that it iz not

* necessary to use toxicologically eritical solvents ami that therefore it 15 not neess-

sary to, remove these solvents after the prﬁdm:mn process, in order to aveld the

 contamination wzth ihe sofvent, Furﬁaermore, 1; is not nscessary t9 9erform addi-

tional quality controls with respect to resaduai iaxaceiegvcaiiy eritical solvents, B
is prefemd 0 use as @rgame solvents toxicologically not critical slvents Kke

ethanol or propylenglyesl.

Amthez; advantage of the method of the invention is that irreversible or reversible
structural changes are avoided which are induced by organic solvents. Conse-
guently, polypeptides nbéaineci according to the method of the invention ar&’s_:iif«
ferent from ﬂmsé prepared in organic solvents such as DMEO0. '

POT/ER2003/008858
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Furthermore, it has been surprisingly observed that the conjugation of HAS o
drugs in an aqueous solution avoids side reactions. Consequently, this smbodi-

ment of the method of the invention leads to improved products with great purity.

In the context of the present mwemmm &xe term “hydroxyaikyistarc}z“ is used to
mdzcam st&.rch derivatives which have been subsizmted by hydroxyalkvigroups. In |
this context, the alky! group may he substituted. Preforably, the hydroxyalkyl con-
tains 2+10 carbon tamms, more prefémbiy -4 carbon storns, "Hydroxyalkylstarch® | l
lherefére: preferabh: comprises hydmxyetﬁyistam}z hydroxypfapvistmh and ﬁyu
droxybutylistarch, wherem hydmxyeﬁayismrch and hydmxypmpyismch ae pre-
ferred.

The hydroxyalkylgroup(s) of HAS mrﬁain at least eng OH-group.

Hydroxyethylstarch (HES) is mast preferrasi fﬁr ail embcdmenﬁs of the px‘esem ) '

mwmmn

“The expression "hydroxyalkylstarch” also includes derivatives wherein the ai}«:}?i
_ group is monc- or pclysgbstimte& In this context, it is prefarred that the alkyl

group is 'substitumd with aﬁ halogen, especially flourine, or with an ax:yi gﬁ‘sup,
provided that the HAS remains water sa}ubie: }"uﬁhermcre the terminal hydroxy
group of hvdmxyaikyi rmay be esterified ot etherified. In acidxtmn, the alkeyl group
Qf the hycimxyaikyistarch may be linear or branched

Furthermore, instead of alkyl, also Tinear or branched sﬁbs&imted’ or unsubstituted

' alkylene groups may be used.

In the context of the present inveﬁiéoﬁ, hycimxvet}ﬁyistarch may have a mean mo-
lscular weight (weight mean} of 1-300 kDa, wherein a mean molecular wexght of

§-100 ma is more grefmad i-iydwxyeﬁyistarch may ﬁmher exhibit 2 molar
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degree of substitution of 6. 1 to 0.8 and a ratio between Cr:Ce-substitution in the

| range of 2-20, with respect m the hydroxysthylgroups.

The }i&&paivpepmde produced by th» mez}aad of ﬁ'ae invention can be purified

and cham&enmd as follows:

Isslation of the HAS»gmiype?txd\. can be pezfamxed by ;;s.mg kn@vm pme:edwe:s

. for the psz’ ication of mmrai and recombmam pﬁiypeptades (a g. size exclusion

chmmaiogmphy; mn-exchange chwmamgraphy, RP~HPLC hyiifQX}ﬁ?aiﬁb
chromatography, hydmphobm mtemctmn chmmat@graphy, the pmccdure de-

' scmbsd in Example 20.8 o1 conbmamﬁs thereof ),

The emvai&zat attac}mem of HAS to the polypetide can be vmf ed by sarbnhyd.rate

compositional analysis after hydrolysis of the modxfied protein,

' Demonstration of HAS modifisation st N-linked oligosaccharides of the paiypé;&-

tide can be accampiishéd bﬁr removal of the HAS modified N~gi}cam and obser-
vation of the predxctegi ;hzfz? to higher ms‘mi‘ty i SDS-PAGE +/- Western Biot-

ting anaiysns

HAS m@diﬁaatiaﬁ of the poiyp@pﬁde at cystelne residues can be de;ﬁomsmte:d by
the failore to detect the cem:spandmg proteolytic Cw»peptxde i RP-HPLC and

- MALDVTOF-MS in i}ze pmtcfsﬁym fragments of the HAS-modified product

(Zhou et 3t, 1998, Application of capillary electrophoresis, liguid chromatogra-
phy, clectrospray-mass  specttomelry  and  malrix-assisted  laserdesorp-
tionfionization - time of flight - mass spectrometry to the characterization of re-
combinant human erythropoietin, Electrophoresis, 19(13), 2348-55). The isolation
of the HAS-containing Fraction after proteolytic digestion of the Cy&xﬁmﬁiﬁeﬁ
po}ypéptide enables the verification in this fraction of the comresponding peptide

by eonventional amino acid compositional analysis.
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-Al embcsd‘mem dxscioscfi above w;th rsspest of the mg«peiy;epﬁdﬁ of the in-

vention concerning propmws of the poiwp»pt:ﬁe or HAS appiy also te the method
of ihe invention for the pmdazctgom of a HAS-polypeptide conjugate. themcere
all embcxdzmam_s disclosed above with respect to HAS-EPQ or the preparation
thereof which relate to peptides in general or to HAS apply also to the method of
the invention for the }jmdﬁctign of a HAS-polypeptide conjupate.

o Thf,; invention further ﬁ'eia'-es' o8 Hﬁ&p@iyﬁeptide, cb‘a’mabie by the method of '

the invention. ?raferabiy, this HAS«poiypepmde has the feamree 23 daf’med for the
abave HAS«poiyg:epnde of the invention,

Agcording to a preferred smbadgmﬁm of the present invention, the HAS used has

the fﬁliammg formula (D

TS

B

25

. vsherem R;, Rz and R are mdependemiy hydmgcn or a hnear or branched Ezyw .J
‘ dmxyaiky} group. The term "hydroxyalkyl starch” as used in t&‘e prosent invention
lxs not [imited to ﬁompgumds where the terminal swbshydmiﬁ moiety compmgs
;hydmxyaikyi gmups R, Ry, anddor By as siepmted, for the sakﬁ of brevity, in for- }

| oula (I), but also refers to compounds in which at least one hyzimxy group pra~

sent anywhere, either in the tﬁrmzrai carbohydrate molety andfor in the remaining
part of the starch molecule, HAS', is subsixmmd by a hydroxyatkyl group Ry, Ry, |
or R;. In this context, the aikvi grcmp may be s linear or branched alkyl gmup'
which may he suitably substituted. Prefersbly, the hydmxvaik}i group containg §
to 10 carbon atoms, more prefemb y from 1 to 6 carbon atoms, more preferably
from 1 to 4 carbon stoms, and even more pmferataiy 2«4 carhon sioms. "Hy-

droxyalky! sterch” therefore preferably comprises hyéroxyethyl glarch, hy-
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droxypropyl starch and hydroxybuiyi starch, wherein hvdmxyaﬂwi starch and

hydroxypropyt starch are pdrﬁi»i.ﬁaﬂy preferred, hydmxyeth}i starch being espe-

. cially preferred.

HAS and preferably FIES may be reacted with a crdssiinidng mmpoum which
yeacts wﬁh HAS, pr@femhiy HES, and the pﬁiypeptxde such as the polypeptxdgs

s:icscnbed above

' The reaction between HAS and the crosstinking compomid may take place at the
reducing end of HAS o at the oxidised reducing end of HAS. Therefore, HAS

may be reacted baving a stucture according to formula (1)

o

{Hig)

-and/c}r according to formula (I}
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CHNTNH . H H ©oar H
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HAS' ‘
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If HAS sccording to formula (1) is reasted with & crosslinking compound, the re-
action prefer. abﬂy takes piace; In an aqueous me:dmm Ef’ HAS seeording to formula

{1la} and/or (Iib) is reacted m‘th & crosslinking wmpum& the reaction pr&femhiy

.. takes placeina mn»aqueaus medmm suchasina psiar aprotic ‘solvent or solvent

mixtues such as DMS0 a.mifeg in DMF,

if the ﬁASvpeiy;)ephée canjugate Gf the present invention s pruduwd via roat-
tionof a HAS defwame? i:ﬁmpnsmg HaSand s crossimkma compound withthe
oxidised c&behydrate mm:,ty of the p&)ivpepﬂde t};e crmsimkmg compound is

pfei‘erabiy 3 cs)mp(sumi ,

N | 0.
N N N

e .4

. F

oH 2
‘ : | HN_ 0 |
- : ﬁ{(%
HENQ\/J\/NHE :
' : ©NH,
OH : OH

| , g o
NH NH
N 2 MO TN
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If the HAS-polypeptide conjugate of the present invention is produced via reac-
tion of a HAS derivative, cémprising HAS émi at feast eﬁe crogelinking oom-’
pound, with the thio grau? of the polypeptide, itis ;:réfmed to react HAS at ité
5 optionally oxidized re{im:ing"ené with a first cmssiiﬁkm‘g .camgsaund 'which is

preferably a compound
b Al e, TN
NT N N7 N
HAN-NH, 0 H H or H o H
or
H.N
Hg/\/NH?, 4 \‘MNHE
Hzm,«\xﬁ@?ﬁ H,N MH,
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HO oH AcHN
HN 0 N
N~ . -OH
. ~NH,

O
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_ ‘and react the resulting HAS sieﬁvativ_e wm%a 2 sscond cmséiinking éé;mpmmd
which i§ capable of reacting with the .E'{AS d@rivatiyg and the thio group of the
“polypeptide. If] e.g., the HAS derivative comprises, as f‘gﬁaﬁo@ grm‘ap whichis
eeacied with the second crosslinking compound, the gtm&;mre «NE-_%»,, as described

§ éb;sva in detal, the fciiawing types of seeond crosslinking eompounds with func-

tional groups F1 and F2 sre, among others, preferred:

Type of componnd (L) [Fi ' F2 _
C fadoalioy " N-suceinimide ester
D ‘{Bromoalkyl M-suceinimide ‘css:ew
E. Maleimide . = |Nesuccinimide ester
F Pydndyidiio [ N-sueoimmids evter
G Vinylsulfone | N-suceinimide este:r'

Espesially preferred examples of the frst é:mésiinking compound are

HZ&‘NJL\/\/\)(’N\wﬁz‘HN~Y .E.\ i\ |
H | 4 | $ Ay

- | H H
0

OO SZN“?\;”EE\N’NH? :

H N O NH, 4 H O OH

the compounds
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beisag particularly preferred, and the following secm’ﬁ cmssiinking compounds

: o /L;\ ‘{}. -
o o ' | o
A | °

¢ m 9 AN
o -’ ,' ;‘i. J ' o -

are prefened, the corpound ' S ,
: . e
O
(- B
N
o

being espagiaﬁy preferred.

5: Depending on the respecﬁv}eﬂ reaction §Gn<iitiémsg the solvent or solvent mixture
used and/or the residues R andlor R" of 2 eamy@ﬁéd R-NH-R' the HAS isre- |
acted with in an aquecus medivm, it is psésibie that the hydroxyalky! starch deri- ‘
vate obtainable by the iﬁe&hed or methods éescﬁ%sed above may have the follow-

ing constitutions (Ia):

(s

W
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Therefore, the present mventwn also relatesto a hydmxyaixy! sﬁarc‘-‘; derivative as

described above Em'mg a c@nsimtmn as,ccrdmg {0 f»:smmia {Illa}.

1t is alzo possible that, e.g. in the case where R i ﬁydmgmthat the hyci‘m:(yaﬁk‘yi

 starch derivate obtainable by the method or methods described above nﬁa} have
the following constitutions (Hia} or (1Hib) where (lIa) and {I1ib} may be Emth peee

sent in the mauﬁmn mmmre iwfmg a certain sqminbnum d;smbmmn

' (iHa)

(1ih)

. Thesefors, the present invention also relaies to a hydroxyalkyl starch decivative as’

described above having a constitution acé:ording to formuly (FIIb).

Moreover, the present lnvention also relates 1o 2 hydroxyalkyl starch derivative as
described above being present in a mixture of constitutions according to formulze
{1118} and (1Ib).

f}epmding on the reaction conditions and/or the chemical nature of the compound
R-NH-R" used for the reaction, ths: compounds according io fummia (Hia) may
be present with t}ze N atom in equamnai of axial posztnon where also 3 mixture of

both forms may be presenf having a certain eqmizbnum distribution.
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Bepending on the reaction conditions and/or the chemical nature of compound R

NH-R" used for the reaction, the compounds according to formula {IIIb} may be

- present with the C-N double hond in E or Z conformation where also a mixture of

bath forms may be preseat having‘g certain squilibrum distribution.

In some cases it ma} be desirable to siabxisze the mmpﬂmd acc:mdmg to formula

' (ITla). This is espe:maiiy the case mhera the cvmpmmci according to formula (iﬁa}

' 'm pmduced and/or used in an aqumus solution. As stainhzmg mﬁﬂmd a&yi&tmn

of the c:cmpcumi accorcimg to formula (Ila) is pmicaiariy preferred especially in |
the case w}mre R is hydrogen. As acylatmn reagent, all suitable reagents may be

used whzch result in the desived hvdmxyaﬁkyl starch derivative acwrc}mg 1 for-

mula (IVa)

(va)

According to espemliy ;ﬁrefemd mb@dmmnts of the prssent mventwn the resi-

_due Ra being part of the acyiatmn reagent is methyl. As acyiailcm reagents, car-

bmyizc acid anhydrides, carboxylic ae::id halides and aarbsxym amui activated

esters are preferably used.

Therefore, the present invention also relates to s hydroxyalkyl starch derivate ob-
tainable by a method as described above wherein said derjvative has a constitution

according to formula (IVa).
’E’h@ auylatmn is carried at a temperature in the mnge of from 0 to 30 °C, prefe:mn

biy in the range of from 2 10 20 °C and especially prefe*‘ably in the range of from
41910°C.




WO 2004/624761 : PCT/EP003/008838

ip

s

i

256

In other cases i may be desirable to stabilize the cbmpcmd according to formula
(IIb), This is éspeciaﬂy the case where the‘cqmpomsi acmrding to formula {1118}
is produced andfor used in an agueous solution, As stgbilizing method, reduction

of Ei’ie compound according to formula () is pmaci_}ariy preferred, espec:aiiy n

. the case where R § is hydmgen As reduction reagsmt alf amtabie rsagents may be
“used which resul in the desnrs:d hydmxyaik}i sta.ch dem ative aceording to ﬁ)r—
miula (Wb}

‘ .' ' &H (1)
Aceording to cépecialiy prefeered embodiments of ﬁﬁe present invention, as redue-
tion reagents boro hydrides such a5 NaCNBH; or NaBH, are used.

Therefore, the present invention also ﬁ’eiatﬁs to 3 hydroxyalky! starch derivate ob-

* tainable by & method as de:smbad a}mva wherein said derfvative im & constitution

acwrdmg to formula (Wb}

. The reduction is carried at 2 temperature in the raxageslcf from 4 to 100 °C, pref-

" erably i the rangs of from 10 to 90 °C amd espevaaiiy yreferabiy in the mnge of

fa‘om 2510 B0 °C,

The present invention further relates to mixtures of sompounds (11la) and {1II),

| (1Ve) and (IV), (ilia) and (1Va), (la) and (IVD), (b} and (Va), (M) and

(IVh}, {Tla) and (11Ib) and (IVa), (ITla) and (mb) and (IVh), {Wa} and {IVh}) and |
(ilia}, and (IVa} and {1V} and (1Y) wherein {Hia) and/or {Wa} may be inde~

pendently present in a conformation where the N atom in equatorial or axial posi-
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tion andfor whersin (ﬂib} may be presenf. with the C-N daubie bond in £ or 7 eon-

f@rmatmn

The invention ﬁm}m relates to 2 HAS- -polypeptide accc“(img to the § mve:mion f@x
5 use inamethod for treatment af the human or animal body,

mrmrmme the pras.em invention reiatcs wa phaxmaceutx»a} ccmpasmm Com-
prising the HAS«gslygepnd& of the mvmtmn Ina pr»femﬁ embed&mmig the
phamaceutical composition comprises fmﬂ‘er al least one phamaceuncaﬂy 8o~

10 E:eptabie difvent, aﬁguvam andfor camer zxsefﬁi in ewyt%zrapmim ﬁzmpv.

The invention fmher relates to the use of 2 }msupﬂiypapﬁde of the invention for -
the preparaaon of a medicament for the treatment of anemic disorders or hemato-

poietic dvsﬁmctmn disorders or dis&ases reiated hevem

The xmemwn is further iHustrated by ihe faiiawmg ngurea tabiss ami exampies

which are inne way mtmde& to restrict the scope of the present mvemmm
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Short description of the Figures

Figure 1

 Figure 1 shows an D8 page amalysis of two HES-EPO con ugates

mw: - marker e 4 S _
Lam i: HES-EPO p&adézc:@d according m.ax"a'mpic prémcoi 8§ EPO is con-
- jugsted to hydrazsdonﬁES 12ZKDL - ‘
Lmﬁc 2 HSS&E?O pmdhwd according o example pmmwi 8:EPC s con-
_ ‘ gugatgd to hydroxylamine HES 12KD K ‘
| C: " control (uzzcénj{agaztsd EPO); the ﬁ;pper band represents EPO dimer -
Figure 2

 Figure 2 demuonstrates that zht: HES is é@mjugatsci o a carbahyeimte moety of a

carbohydrate side chain by she)wmg a dtgestm of HAS modified EPQ forms with

- paiyppgtzée Nog‘a‘ycosndase

Lamet:  HES-EPO produced accmdzng fo ex&mpie pmtomﬁ 8 after dsges» ~

tion with N«giywsxdase ﬂ
Lave2: - HES-EPO produced acmrcimg o example pmmeoi 9 afier dtges-
' tion with N-glycosidase

Lane 3; BRP EPO standard

Lane 4: BRP EPO standard after digss@im'wi‘th N-glyeosidasze
w: marker (Bio-Rad SDS-PAGE Standards Lew range Catog No -
1610303, Bio-Rad Laboratories, Hercules, Ca, US4}
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Figure 3 shows an SDS page analysis s)i the HES-EFQ conjugate, produced ac-

cording to examplg 7.1

. Lane A:

- Lape B:
Lane C

Protein marker Rsﬁ@«Mia{k PRESTAINED (Carl Roth GmbH+Co,
Karlsruhe; D); molecular weights {in kD) of the protein marker from
top to bottony: 245, 123,77,42,30,254, and 17,

Crude product after mn;ugatm acmrdmg 10 exampie i7. 1

EPO staﬂmg maiemaﬁ

s mgm"e 4 shows an 8D8 page analysm of the HES«EPQ can;ugate prodxxceé

15

il

30

according to cxampic 17.3.

“L@e Al
Lane B:

Lane C: .

Figure § -

Lane A

Lane B: .

Crude product after s:@njugc.imn BCCOE dmg ta e::».am;sie 17.3.

EPO starting material.

Protein marker Roti®-Mark PRES’E‘AINED {Cari Roth ﬁmb}i'#(l@, '

Karlsruhg, DY melecular weights {in m; of the protein marker from. o

top to bottom: 245, 123, 77, 42,30, 25.4, and 17,

Figure § shows an SDS pége énaiysis of the HES-EPO conjugats, produced

gecording to example 17.4 and 17,3,

Protein marker Roti®-Mark E’RESYANED {Caﬂ Roth GmbH+Co, a
Karis*u}% D} m@leeaiar wezghts {in k}.‘}) of Ehe pr@tem marker fmml
wp to bottome 245,123, ?“i, 43,30, 25.4, and 17,

Crude product sfter conjugation according to example 174,
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Lare ;' Crude product after conjugation according to sxample 17.5.
Lame D:  EPQ starting material,

Figure 6

Figure 6 shows an SDS page analysis of HES-EPO conjugates, produced sccord-
ing to examples 19,1 and 184, :

Lane A:  Proteln marker Roti®-Mark PRESTAINED (Carl Roth GmbH+Co, |
' Katlsrube, f)); molscular weights (ixtz D} of the protein marker from
top to bottom: 245, 123, 77, 62, 30, 25.4, and 17, '
Lane B:  Crude product after conjugation accjording to example 194,
Lane C:  Crude product afier coﬁj ixgatiam according to example 19.1,
LaneD:  EPO starting maferial,

Figure 7

Figure 7 shows an SDS page analysis of HES-EPO conjugates, produced accord-
ing to examples 19.2, 19.3, 19.5, and 19.6. '

Lane A:  Protein marker Roti@-Mark PRESTAINED (Carl Roth GmbH+Co,
. Karismﬁes D), molecular weights (in kD) of the protein xﬁarker from

top 1o bottom: 245? 123,77,42, 30,254, and 17.

Lane B:  Crude product afier conjugation secording to example 19.6, based on
example 13,3 b) o

Lane 1 Crude product after conjugation secording to example 19.5, based on
example 13.15).

Lane D Crude product after conjugation according to example 19.6, based on
example 13.3 a)

LaneE:  Crude product after conjugation sceording to e?:ampie 19.3, based on

example 13.1 2).
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Lane F:  Crude product afler conjugation aceording to example 19.2.
Lane G Crude product afier conjugation according to example 13.3.
Lane K:  EPO starting material, '

Figure 8

Figure 8 shows an SDS page analysis of HES-EPO conjugates, pm(iuce:d accord-
ing to examples 19,7, 19.8, 19.5,19.1¢, 19.11, and 18,12,

Lane A:  Protein marker Roti®-Mark PRESTAINED (Carli Roth GmbH+Ca,
Kaﬁs;mhe, oy molesular weights {in kD) of the prét@ih marker from

' . top to bottom: 2485, 123, 77, 42,30,25.4, and 17.

LaneB:  Crude product after conjugation aceording to example 19,11,

Lane C: Crude peoduct after conjugation according to example E?.iﬁ"

Lane D:  Crude product after conjugation according to examgie 197,

Lage E:  Crude product after conjugation accéréing to example 19.8,

Lane F:  Crude product after cnnjugatim according to exampia 1812,

Lame G EPO starting material,

Lane i Crude product after conjugation according to e)éampk: 18.9.
Figure 3

SDS-PAGE analyses of EPO-GT-1 subjected to mild acid treatment for § min. =
tane 2; 10 min. = lane 3; 60 min. = lane 4 and wntreated EPO = lane 1; the mobil-
ity shift of EPO afier removal of Neglycans is shown (+PNGASE).

Figure 18

HPAEC-PAD pattern of oligosaccharides isolated from untreated EPO and from
EPO incubated for § min,, 10 mirg. and &0 min. under mild acid hydrolysis condi-
tiops. Roman numbers I-V indieate the slution position of I = desialylated

diantennary structure, I = trisialylated triantencary structures (two {somers), i =
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teonary structure, I = trisialylated triantennary structures (two isomers), T =

tetrasialylated tetraantennary structure + 2 N-acetyllactosamine repeats, IV = tet-
rasialylated tetraantennary structure + 1 Neacetyllactosamine repeat; ¥ = tetrasia-
tylated totrasmtennary structurs + without N-acetyllactosamine repeat. The elution
area of oligosaccharides structures without, with 1-4 sialic acid is indicated by
bréckets:. '

Figure 11

HPAEC-PAD of N-linked oligosaccharides after .desiaiyiaiian; the f:iutém posi»
tion of N-acetylneuraminic acid is shown; numbers 1.9 indicate the elution pcsﬁ
tion of standard éiigﬁsacéharides: 1 = diantennary; 2 = triantennary (24 isomer),
3 = triantennary {2?(‘5 isomer); 4 = tsiraam;ﬁnmy; 3 = iantennary plus | repeat; 6
= tetraantennary plus 1 ropeat; 7= triantennary plus 2 repeats; B = tetraantennary
plus 2 repeats and 9 = tetraantennary plus 3 repeats. ‘

Flgure §2

SDS-PAGE analysis ‘of mild treated aﬁd umxeaied EFQ which were subjected to

- periodate oxidation of sialic acid residues, 1= pemdat@ axidized without acid

freatment; 2 = pemd;.te oxidized § min. acid treatment; 3= periodate oxidized
and acid weatment 10 min, 4 = periodate oxidized without acid freatment; 5 =
BRP EPO standard without periodate and without acid treatment, ’

Figure 13

HPAEC-PAD pattern of native oligosaccharides isolated from wntrested EPO and
from EPQ incubated for 5 min and 10 min under mild acid hydrolysis conditions
and subsequent periodate treatment. The elution area of oligosaccharides struc-

tures without and with 144 siafic acid is indieated by brackets 1-5.
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Figure 14

SDS-PAGE anelysis of the time course of HES-modification of EPO-GT-L-A 20
#g eliquots of EPO-GT-1-A were reacted with hydroxylamine-modified HES .

. derivative X for 30 min, 2,4 aa‘x& 17 hours. Lane 1 =30 min reaction time; land 2

= 7 hour reaction time; land 3 = 4 hours reaction time; lane 4 = 17 hours reastion
time; lane § = EPO-GT-1-4 without HES-modification. Left figure shows the

shift in mobility of EPO-GT-1-A with increasing incubation time in &hé_ pressncs

- of the with hydroxylamine-modified HES derivative {flow rate: | mi-miri‘i) X

. Leane 1 = 30 min reaction time; lane 2 = 2 hours reaclion time; lane 3 = 4 hours

féacﬁan time, land 4 = 17 houss reaction time; lane § = EPO-GT-1-4 with HES

- modification, The figure on the right shows analysis of the same samples after

their treatment with N-glycosidase.
Figure 18

SDS-PAGE analysis of -Sepharose fractions of HES-EPO conjugates, Each 1%
of the ﬂﬁv»t}mugh and 1% of the fraction eluting at high salt concentrations wers
concentrated in a Speed Vac concentrator and were loaded onto the gelé in sample
buffer, EPQ protein was stained by Coomassie Blue, A = sample I, B = sample If;
C= sampi@ HE; K = control EPO-GT-1; AY, B, C1 and K1 indicated the ﬁcwn
through fraction; A2, BZ, €2 and K2 in&icatés the fraction eluted with high salt

conceniration,
Figure 162
SDS-PAGE analysis of HES-modified EPO sample A2 (see Fig. 13), control EPO

saxﬁpie K2 and EPG-GT-1-A EPO preparation were digested in the presence of

N-glycosidase in order to remove N-linked (}Eigcsacg:haxidcs. All EPO samples

. showed the mobility shift towards low molecular weight forms lacking or contain-

ing O-glycan. A Eewer' satio of the O-glycosylated and nonglycosylated protein
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band was observed for the HES-modified EPO sample A2 sfler de-l-
glycosylation and a diffuse protein band was detected around 30 KDa, presumsbly
representing HES-modification at the sialic acid of O-glycan residue (see amow

marked by an asﬁ@risk),
Figure 16
SDS-PAGE analysis after mild hvdrolysis of HEB-modified EPO sambi& Al (see

Fig 18), control EPC sample X2 and EPO-GT-1A which were untrested or di-

gested In the presence of N-glycosidase in order to remove N-linked oligosaccha-

* rides {see Figure 16a). Both high raolecular weight form of 42 before and A sfter

N.glycosidase treatment (see brackets with and without arrow) disappeared upon
acid treatment of the samples. The BRP EPQ standard which was nun for com-
parison was not subjected to mild scid trestment.

Figure 17

HPAEC-PAD snalysis of N-linked oligosaccharide material liberated from HES-

modified sample A, from EPO-GT-1-4 and from & control EPQ sample incubated

with unmodified HES (K). Roman numbers -V indicate the elution position of I

= disialylated dianfexmary structure, 11 = trisialylated triénﬁemary steuchures (fwo

isomers}), I = tetrasialylated totraantennary structure + 2 Neacstyllactosamine

- repeats, IV = tetrasialylated ietraantennary stoucturs +1 N-acetyllactosamine re-

péat, ¥ = tetrasialylated tetraantennary structure + without N-acetyilactosamine

repeat; brackets indicate the elution area of di-, tri- and tetrasialylated Noglycans

as reported in the legends of Figs. 10 and 13,

Figure 18

HPAEC-PAD analysis of Nelinked @iig@&acaha;ide material libersted from HES-
modified sample A, from EPQ-GT-1A and from a control EPO sample (K) incu-
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bated with unmodified HES. The reteation times of a mixium of standard oligo-
sascharides is shown: numbers [-9 indicats the elution position of standard oligo-
sacsharides: 1 = diantennary; 2 = triantennary (2-4 isomer); 3 = trianiennary (2-6
isomer); 4 = tetraaﬁtemxgary; § = triantennary plus | repeat; 6 = tetraantennary plus -
1 repeat; 7 = triantennary plus 2 repeats; § = ﬁetréantemary plus I repeats and 9 =

‘&e:tmamemary plus 3 repeats.
Figures 19 to 23

Figures 19 to 25 represent MALDITOF mass spectra of the enzymatically fiber- .
ated and chemically desialylated N-glycans isolated from HES-modified EFO and f
cantrol EPQ preparations. Majsr signals at sz 1809.7, 2174.8, 2339.9, 2005.0
and 3270.1 (M+Na]"} correspond to di- to tetraantennary c@mpiéxutype N-glycan
structures with no, ene ot two N-acetyllactosamine repeats accompanied by weak

signaﬂs‘ due to loss of fucose or galactose which are due 1o acid hydrolysis condi- _

" tions empiéyed for the desialylation of samples for MS analysis.

Figure 19

MALDITOF spectrumt desialylated oligosaccharides of HES-medified EPO A2,

- Figure 28

MALDUTOF spectrum: desialviated oligosaccharides of EPO GT-1-A.
Figure 21
MALDITOF spectrum: desialvlated oligosaccharides of EPO K2,

Fligure 22
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- MALDVTOF spectruny: desialylated oligosacchasides of EPO-GT-1.
Figure 23

5  MaLDVTOFR speetrum: desialylated ché,usaccharides of EB('.}«GT 1 subjected 1o

acid hydmlvsas for 5 min,
Figure 24

10 MALDFTOF spectrum: desmiyiatad oi;gasacaharad‘,s of EPO-GT-1 subgec:ed o .
acid hydrolvsis fs}r 10 min,

Figure 28

15 MALDB’T(}F speetrum: desxaiyhted ) agasacchandes of ERC-GT-1 Sllbjﬁﬁf”(i fo
auei hycimiyszs for 60 min.
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. Examaples

Eximgiei ‘

Production of recombinant EPO
A) Production in mammalian cells
Recombinant EPC was produced in CHO cells as follows

A plasmid harbouring the human E?Q ¢DNA was cloned into the sukaryotic ex; '
pression vestor (pCR3 and named afierviards pCREPQ). Site directed mutagene-
sis was performed using standard procedures a5 described (Grabenhorst, Nimtz,
Costa et &b, 1998, In vivo specificity of human sﬁ;}hé 1,34-fusosylransferases
TH-vH i}i the biosynthesis of Lewis(x} and sialyl Lewis(x}) motifs on é@mpiex-
type N-glycans gCéexpmssim studies from BHK-21 cells together with human
beta-trace protein, 1. Biol. Chem,, 273(47), 30983-30994). - '

CHO cells stably expressing human EPO or amine acid variants {eg. Cys-

39-38erfAls, or Cys-33-38er/Ala , Ser~12§«eAia ste.} thersof were gensrated
with the caleium phosphate precipitation method and selected with G418-sulfate
as described {Grabenhorst ¢t al.). Thres days aﬁér transfection, the cells were sub-
cultivated 1:5 and selected in DMEM coma.iniﬁg' 10% FBS and 1.5 glliter G418
sulfate, ' '

Using this selection proceduze, usually 100-300 clones survived and where prope-
gated in selection medium for a further time period of 2-3 weeks, Cell culture su-
pernatants of confluently growing monolayers were then analyzed for EPO ex-

pression levels by Western blot an&iysis and by TEF/W estemn Blot analysis,

t
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EPC was produced from stable subclones in spinnér flasks or in 21 perfusion reac-

tors. Different glycoforms of EPO with different amounts of NeuAe {e.g. 2-8, 4-

18, 8-12 NeuAe residues) wers isolated according fo published protosols using

sombinations various chromatographic procedurss as described below,

Literabure:

Graberhorst, Sonradt; i??% The cywpiasmics transmembrane, and stem mgianst

of glycosyltransferases specify their in vivo functional sublocalization and stabil-

ity inthe Golgi., J Biol Chen,, 274(513, 361@?46; Gfabcnherst, Schienke, Pohl,
Nimtz, Conradt, 1999, Genetic engineering of recombinant glycoproteing and tﬁe
giycosyia:tien pathway in mammatian host cells, Glycoconj 1., 16(2), 81-97; Muel-
ler, Schlenke, Nimtz, ,Camadt, Hauser, 1999, Rec@mbiﬂam glycoprotein product
quality .in ;}ro}iferétionnc@ntraiisd BHK-21 cells, Biotechnology and bi@enginesr;
ing, 65(5), 529-536; Schienke, Grabenhorst, Nimtz, Conradt, 1999, Construction
and characterization of stably wansfected BHK-21 cells with human-type siaiyia«_
tion characteristic, Cytotechnology, 30(1-3), 17-25,

B) Production in insect cells

Recombinant human EPC was produced from ingsect coli lines SF9 and SF 21 af-
ter infection of cells with recombinant basulovirus vector containing the human
EPG ¢DNA under conteol of the polyhedrin promoter as desceribed in the hiera-

e,

Cells grown in serum-free culture mediom were infected at cell density of 2x10°
ar X107 eells per mL and EPO titers were determined every day in the cel] cubture
supernatants. EPO wag purified by Blue sephatose chromatography, jon-exchange
chromatography on Q-Sepharose anﬁ finally RP-HPLC on Cy-Phase.
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Purity of the product was checked by SDS-PAGE and N-terminal sequencing .
Detailled carbohydrate structural analysis (N- and O-glycosylation) was per-

- formed according to published procedures,

Literature:

Grabenhorst, Hofer, Nimtz, Jager, Cﬁmadt,' 1993, Biasynﬁ}esiﬁ and secretion of
human interlekin 2 glycoprotein variants from baculovirus-infected ST cells.
Characterization ofpolypeptides and pﬂstiransiatimai madifications, Bur J Bio-
chexﬁ., 215(1), 189-97; Quelle, Casiake, Burkert, Wojchowski, 1989, High-level

. expression and purification of a recombinant human erythropoietin produced us-

ing & baculovirus vector, Blood, 74(2), 652-7 ‘

Exampled

Formation of reactive HES derivatives
L. $H-reactive HES -

1.1 Reaction of EMCH with Oxo-HESLIIKD farm SHereactive HES1IKD
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0,144 g (0012 mmol} of Oxo-HESIZKD (Fresenius German Patent DE 196
28 705 A1) were dissolved in 0.3 mL absolute dimethy! sulfoxide (DMSO)
and were added éropwise under nitrogen to a mixture of 34 mg (0.15 mmol)
EMCH (Perbio Science, Deutschland GmbH, Bonn, Germany) in 1S ml,

; DMSG. After stimring for 19 h at §0°C the reaction mixture was added to 16

mL of a 1:1 mixture of ethiano! and acetone. The precipitate was collected by
centrifugation, re(iissgi@ed ‘in 3 mb DMSO and agaiﬁ precipitated as de-
scribe&. The SHereactiv-HES12KD B was obtained bjr centrifugation and dry-
ing in vaccuo, The eémjugati@n reaction with Tinimfﬁ?@ is described in Exam-
ple 3, 2.2, | '

Alternatives:

In this reaction, all cross-linkers can be used, which exhibit a hydrazide-and a

maleimide function, separated by a spacer. Further examples for molocules of
that group, available from Perbio Science, Deutschland GmbH, Bonn, Ger-
many, are sﬁﬂwn in table 2; marked with an "A®, Furthermore, aﬁoﬁhez gmiﬁ;}.
of cross-linkers exhibitingvan activated e:iisuiﬁdé function in&i@éﬁ of 3 maleim-

ide funcion could also be used.

1.2 Halogenacetamide-derivatives of HES glycosylamines

8} Glycosylamine-formation |

A 1 mg sample of HES1IKD was dissolved in 3 mL of saturated ammo-

" pium bicarbonate. Additional solid ammenium bicarbonate was then added
to maintain saturation of the solution during incubation for 120 h at 30°C.
The AznimeESEQKD € was desalied by direct Iyophilization of the reac-
tion nﬁxiure, |

iManger, Wong, Rmiemache;; Dwek, 1992, ﬁiucbe:ﬁis&y, 31, ;-3?33-50740; Manger,
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b} Acylation of the glycosylamine € with chloroacetic acid anhydride

A 1 mg sample of Armino-HES1ZKD C was dissolved in 1 mb of I M so-
dium bicarbonate and cooled on ﬁcc? To this was added a crystal of solid
chloroacetic acid anhydride (~5 mg), and the reaction mixture was sllowsd
0 warm 1o room temperature, The pH was monitored and additional base
was sdded if the pH dropped below 7.0, After two hours at room tempera- ‘
ture & second aliquot of base and anhydriée was added. Afler six hows the
product Chioroacetamide-HES Bl (X = CI} was desalted by passage over
a m&eﬁ bed Amberlite MB-3(H)OH]) ion exchange resins:

Acylation of the giymsyiamim with bromoacetic anhydride®

Bromoacetic anhydride was prepared a5 described by Thomas® A 1 mg
sample of amino-HESIZKD € was dissolved in 0.1 mL of dry DMF and
cooled on ice and 3 ing bromoacetic anhydride was added. The reaction

mixture was{bmﬁghﬁ slowly to room temperature and the solution was

“stimred for 3 b The reaction mixture Was added to 1 ;nL of 2 1:1 misture of

ethanol and acetone with ~20 °C. The precipitate was collected by con-
trifugation, redissolved in 0.1 mL DMF and again preéipitaied as de-. .
scribed, The Bromoacstamide-HES D2 (X = Br} was obtained by centrifu-
gation and drying in vaccuo, The conjugation reaction with Thio-EPO is
described in Example 3, L2,

Rademacher, Dwek, 1992, Biochemistry, 31, 10724-10732

23!@6&, Kiss, Tull, Withers, 1993, Carbobydr. Res, 250, 195
“fhomas, 1977, Methodss Evaymol, 45,362
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dy The a:orraspénding lodo-derivative B3 (X = 1) was synihesised 5 de-

seribed for D2. Instead bromoacetic anhydride N-succinimidy! jodoacetate

was used and all steps were performed in the dark,

Alternatives:
-For seylation of amim Sroups, éther activaled forms of halogen acidic acids
can be used, e.g. '
- -bromides or -chiorides
i - ésiefs, e.g. N-hydroxysuccinimide ester, esters with substituted phenoles

{p-nitrophenole, pentafluorophencle, trichm'mphemie ete)

Furthermore, all cross-linkers having an amino reactive group and 2 halogen

acetyl ﬁ;ﬁétign, separated by a spacer, cdui& be used. An exaﬁ:pic thereof is

15 SBAP, This molecule and others are available from Perbié Science Deutsche
' land GrabH, Bonn, Germany. They are marked in table 2 with an "D", For the
use as cross-linkers for the ligation of amino-HES with thio-EPO without iso-

fation of the halogenacetamid-HES derivatives see remarks in sxample 3, L2,
20 L3 Halogenacetamide-derivatives of Aming-HES E !

#} Reaction of 1 4-diamincbutane with Oxo-HESI2KD to amino-HES13KD
g

8. Fre, Diplomarbit, Fachhochsehale Hamburg, 1998
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1.44 ¢ (6.12 mmol} of Oxo-HESIZKD were dissolved in 3 mb dey di-
methyl suifoxicie(‘i?MS@ and were added dropwise under nitrogen 1o 2
mixtaee of 1.51 mL (15 mmol) 1,4~diamiqobuﬁane in 15 mL DMSO, After
stirring for 19 b at 40°C the reaction mixture was added to 160 mL of g 111

5 mixture of ethanol and scetone. The precipitate Amine-HESIZKD E was -

collected by centrifugation, redissolved in 40 mL of water an dialysed for
4 days against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbic '
" Science Deutschiland GubH, Bonr, Germany) and lyophilized.

OM

‘ 3 O ' WO - "
HES, o HES.. | oH HeS, o S
HO. M oo HE H g NH g MG, H M
: §oonte o el S o tjv\/\ 7
N N X

My
F

T
- b) Chioroacstamide-HES12KD F1 was prepared as described for Chlorcacet-
amide-HES12KD Bl in 1.3 above.

¢} Bromoscetamide-HES 12?;{} }'?2 (X = Be) wag prepared as deéaribsd for
15 Bromaoacetamide-HES12KD D2 in L3 above. The conjugation reaction
with Thio-EPQ is described in Example 3, 1.2,

| 4} The corresponding lodo-derivative ¥3 (X = I) was not isolated before its

reaction with Thio-EPO. The experiment is deseribed in Example 3, 1.1

- 208
Alternatives:
See 1.2 above
2, CHO-Reactive HES

25
2.1 Bydrazide-HES




WO 2004/024761 PCTIEP2003/008858

10

74 -

8) Reaction of hydrazine with Oxo-HES12KD

144 g (0.12 mmol) of Oxo-HESI2KD were dissolved in 3 oL, absolute dir
methy! sulfoxide (DMSO) and wers added sirquiss.mder nitrogen 10 & mix-
ture of 0.47 mL, (15 mumol) hydrazine in 15 mL DMSO. Afler stiming for 19 b
&t 40°C the reaction mixture was added o 160 mE, of a 1:1 mixture of ethanol
and acetone. The precipitated product J was collested by centrifugation, redis-

sobved in 40 ml of water and dialysed for 2 da;ys against 2 0.5 % (v}
triethylamine in water solution and for 2 days against water (SnakeSkin dialy-
§is mbmg, 3.5 KD cut off, Perbio Smence Dem;chiaﬁd GmbH, Bam, e
many) and lyophilized The conjugation reaction with oxidised Glyco-EPOQ is
described in Example 4,22, ' '

b} Reaction of adipic dihydrazide with Oxo-HES12KD

by OH
HES
oS o
HON, H
on g
H HH

"Wy

174 g (15 mmol} adepic dihydrazide were dissolved in 20 mL sbsolute di-
methyl sutfoxide (DMSO;) at 65°C and 1,44 g (0,12 mmol) of Oxo -HESIIKD,
dissolved in 3 mL absolute DMSO were added dropwise under nitrogen. Afler
stirring for 68 b at 60°C the reaction mixture was added to 200 mL of water

The solution containing L was diglysed for 2 days against 2 0.5 % {(viv)
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triethylamine in wales soiu‘tién and for 2 days against water (SnakeSkin dialy-
sis tubing, 3.5 KD cut off, Perbio Science Deutschiend GmbtH, Bonn, Ger-
many)} and Iyggiﬁiiiz&ci. The conjugation reaction with oxidised Glyeo-EPD is
dg:sgsibed in Example 4,2.2, |

Alternatives: ‘
Furthermore, derivatives can be used, wherein 2 hydrazid groups are separated

. by any spager,

3. Further Amino-HESLIKD derivativeé Isnd H?

.. Ammonolysis.of B or F was performed separstely by dissolving & | mg sample of

each halogeneacetamide in 0.1 mL of saturated ammontum carbonate. Additional
solid ammonium carbonate was then added to maintain saturation of the solution

during incubation of 120 & gt 30°C. The reaction mixture was sdded to | mL of a

- mim_fme of ethanol and acetone with ~20 °C. The precipitate was eollected by
‘centrifugation, redissolved in 0.05 mL water and again precipitated as deseribed.

. The product eminoHES H or I was obtained by centrifugation and drying in vac-

cuo. The cunjngéiian reaction with oxidised Glyes-EPO is described in Example
4,41, ' '

4. Hya:imxyiaminemmééiﬁeﬁ HESRZEKE) | 4
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07{2-(2faminoaxy»ethbxy)~aﬁhyi}hycimxyiamine .was synﬁhesimﬂ as described by
B@ﬁuryn.@t alin 2 Step; from commercially available materdals. 1,44 g (0.12
mmol} of Oxo-HESI12KD were dissolved in 3 ml absoluts ﬁimeﬁhyi sulfoxide
(DM30) and weré a@deé dropwise umier pitrogen to 8 mixtwe of 2.04 g (15
romol} 0{ 3-(2-amincoxy-ethoxy)-ethyl-hydroxylamine in 15 mL DMSO. After
stirring for 48 h at 65°C the reaction mixture was added to 160 L of a 1] mix-
turs of ethanel and acetone. The precipitated product K was collected by centrifu-
gation, redissolved in 40 mL of water and dialysed for 4 :ciays against water
{SnakeSkin diaiysis tubing, 3.5 KD ot off, Perbic _Ssis-:m:e Deutschiand GmbH,
Bonn, Germany) and yophilized. The conjugation xeactién with oxidised Glyco-
EPQ is described in Example 4, 1.1, S

Altematives:

Furthermore, detivatives sould be wsed, wherein the two ﬁydmxyiamine groups

.are separated by any spacer.

5. Thie-HESIZKD

§.1 Addition to Oxe-HESIZKD

*Boturys, Boudali, Constant, Defranc, Lhomee, 1997, Tetrakedron, 53, 5485
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" 144 3 (012 mci} of Oxo-HESIZKD were dissolved in 3 mL absolute di-

methyl subfoxide (DMSO) and were added to 2 mixtare of 1.16 g (15 msi‘goi)'

 cysteamine in 15 mL DMSO mdﬁr nitrogen dropwise. After stising for 24 b

st 40°C the reaction mixture was added to 160 mL of a 1:1 mixture of ethmci

+ and acetons, The precipitated product M was collested by centrifugation, re-

'dgisscivéd in 40 mL of water and dialysed for 2 days against 2 0.5 % (viv} |

triethylamine in water soﬂutién and for Z days against water {SnakeSkin dialy-
sis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, Ger-
many) and iyephiiizzad, The conjugation reaction with oxidised Glyco-EPC is
deseribed in Example 4, 2.1. |

Alicrnatives:

Derivatives could be used, wherein the amine group and the thio-function ase

separated by any spacer, Fusthermore, the aming group in the derivatives

could be replaced by g hydrazine, & hydrazid or a hydroxylarine. The thio-
function could be protectad in the form of e.g. a disulfide or & trityl-derivative.

However, in this case, a further deprotection step must be'pmfemﬁed before

the conjugation, which would release a component being analogous to M
5.2 Modifikation of Amino-HESIZKDE, Horl

" a) Modification with SATA/SATP
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E‘,M g (MZ ramol) of Aminéﬂ}{E‘SHKD E, H or { were dissolved in 3 ml,
absolute dimethy! sulfoxide (DMB0) and were added to a mixture of 139
mg (0.6 mmol} SATA in 5 mL DMSO under nitrogen dropwise, After stir-
sing for 24 hoat mom emperature the reaction mixture was added to 160
3 . mb of 2 111 mixture of ethano] and acelone. The preupztateé product N
was collected by centnﬁ;ga‘tmn redissolved in 40 mL of water and dial-
yaed for 2 s:ia;ys against water (Sﬂake‘?km dialysis tubing, 1.5 KD cut sﬁ'
Perbic Science Deai&ehiard GmbH, Eam (}ﬁzmary} and Ey@pEﬁhzed

i "~ The depmtecticn was performed in a 30 mM sodium ghﬁsphaée buffer,
containing 23 mM EDTA and 0.5M hydroxylamine, pH7.5 for 2 hours at
room temperature and the product 0 was purified by dialysis against a G 1
M sodium acetate buffer pH $.5, containing I mM EDTA. The deprotees

tion reaction was performed mmedmmiy before the conjugation reaction.

is which is described in Example 4, 2.1
, OH
HES ;
ey O ,
HoOOHE e,
g o
3
sata $POP ,
g SN
HEQ\ St

HO. « r?v;:-e : o - ’m
AY fN
el 1Y &,\
N L]
1 Deprotection . . ’ ’ Deprotection @

, o ¥
?‘ﬁ\c? i oK oo
Hes~, i X X
KO NH \@ 5'1 M G
¥ A \,\./\ § HE et 8
‘\.re\ﬁ W % \/\""\ z\,\
» Q WM
$n

b
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Modification with SPDP’

1,44 g (0.12 mmol) of Aminc-HESIZKD E, B or 1 were dissolved in 3 mL
absolute dimethyl sulfoxide (BM30) and were dropwise added o g mix-
ture of 137 mg (0.6 mmol) SPDP i 5 mL DMSO sinder nitrogen. After
stirring for 24 h 8t room temperature the reaction mixture was added 1o
160 mL of 8 111 mixtﬁre of sthanol and acetone. The precipitated prgduci
P weas collected by centrifugation, redissolved i 40 mL of water and dial-
veed for 2 davs agaisist water {SnakeSkin dialysis mbing, 35 KD‘cut off,
Per‘éi& Seience Deutschland GmbH, Bonn, Geﬁnany} and iyﬂphii@zgd. |

The deprotection was performed in a solution of 12 mg diﬁﬁemreimi
(DTT) per 0.5 mL 100 mM sodiumacetate buffer, containing 100 mM so-
dimﬁ c&isijide at pH 4.5 for 30 min at room tempershure and the product @
was purified by dialysis. against 3 GE M sodium acetate buffer pH 5.5, con-
taining 1 mM EDTA, The deprotection reaction was performed imnédi»

ately before the conjugation reaction whicﬁ_z is described in Eﬁmmpﬁe 421 .

Alternatives: . A ‘ .

For the conversion of amino- 10 thiol-groups, either in free form or pro-

tected, several reagants are available. After the maodification, the products

could be isolated. Alternatively, as accepted for the use of cross-linkers,

they could be directly used for the; conjugation frs::za:rtiam;3 preferably afler
purification step, For the isolation and storage of hio-HES derivatives, the
synthesis of thio-HES derivatives in a protected form may be useful. For

this, all derivatives bﬁing analogous to SATA could be used, which have
an sctive ester-function and g thicester-function, separated by any spacer.
SATP, being 2 further member of this group, is found in fable 2, marked
with an "H". The derivatives being analogous to SPDP could have an

acitve ester-function and a disulfide-function, separated by any spacer.
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Further members of these groups are found in table 2, marked with an "™,
Further analogous derivatives could have an active ester-function and a

thiol-function, protected as a trityl derlvative, separated by any spacer.

Example 3

LConiugation resctions with This-EFQ

18 L. Reaction of Thie-EPO with o halogenacetamide-modified SHoresetive
HES

1. Example Protocel 1

15 Conjogation of ThioEPO to Amino-HESIZKD (E, H or ) with 2 Cross linker

- ¢ontaining & NHS-active-ester and an iodoacetamide group, o.g. S1A°
Materials

w A. Borate butfer. Composition was 50 mM sadiﬁm borate, pH 83,3 mMn.

EDTA, . o ' '
~ B.PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCi;, .

pH74. _
€. AminoHESI2KD E, H or ¥, Prepared at 1 mg/mL in borate buffer, . -

25 D. Crosslinker stock solution: 14 mg SIA were dissolved in 1t mL DMSO A
E. D-3alf™ Dextran Desalting Cnﬁmms,. 2 x 5 mb bed volume {(Perbio
Scignce Deutschland Gmbﬂ,{'ﬁmms Germany}
F. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,

Bonn, Germany)

6Cumber, Farrester, Foxwell, Ross, Thoepe, 1585, Mathods Snaymol,, 112,307




WO 2004/024761 BCT/EP2003/008858

18

13

20

-8 -
G. ThioEPO solution: 5 mg/mL of ThioEPC 1 in borate buffer,

H. Microconcentrator: Microcon YM-3 {amicon, Milipore GmbH, Eschborn,
(jermany)

Viethed .

100 ul. SIA solution was added to 400 uL of the aminoHESI2KD E solution

and was allowed to react with agitation for 0.5 hours at room temperature, The

. exvess crasslinker waé removed by centrifuging the sample at 14000 x g for

§0 minutes using a micmmnm:ntmim; After centrifuging the sample was
brought up fo its Qﬁgin&l volume in borate buffer and this PIOCESS Was re-
peated two more times. The sesidual solution was added to 1 mi of ng?{}
solution and the reaction mixturs was incubated for 16 hmﬁr 8t 00 tempera-

ture. Reactivity of the excess iodoacetamide was quenched at the end of the

~ incubation psri@d' by the addition ei',cysieine to a final conceniration of 10

- mM. The reaction mixture was applied to 2 desalting column equilibrated with

PBS buffer and the protein content of the fractions were monitored with a
Coomassie protein assay reagent. All fractions containing the protein conju-
gate were pooled snd the the comjugste was obtained by Iyophylisation after

diaiys'iﬁ against water over night.

Alematives:

In this reaction, all cross-linkers eould be wsed, which have a succinimide- or

& sulfosuccinimide function and 2 iedoacetsmide ﬁmction separated by a

spaser, Further examples are found in table 2, They are marked with a *C” ami 4

are avialable from Perbio Science Deutschland GmbH, Bonn, Germ&ny

it Emn&;&ie Protocol 2
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_ Cﬁmjugamn of ThioEPO ] to 8H reactiveHESIZKD bromoscetamide B2, 2

ar RGdQ&h@iﬂﬂildﬁ‘ 7.’
Materials

A. Phosphate buffer. Composition was 100 mM sodium phosphate, pH 6.1, §
mMEDTA. B
) PBE, phcsphatﬁ buﬁered saling: ii) mM sodium ph@sghﬁﬁe 130 mM NaCi
pH74.

C. 8H reacmel?ESEEﬁ{H bmmoacetaxmdg DI, Prepared o 10 mg/mL in
g:shﬁsphate buffer,
D. D-5alt™ Diextran Desalting Caiwnm, 2x 5 ml E}@d vchame {Perbio
Seience Deutschland Gmb, Bonn, Germany)
E. Coomassie® Protein Assay Reagenﬁ {(Petbio Science Dewtschland GmbH,
Bonn, Germany) :
F. ThioEPQ soiuticm 3 mg/ml of ThioEPO L in phnsphaie buf" er,

Method

1 mL SH reactiveHES 12KD bromoacetamide D2 solution and 1 mL of Thio-
EPO solution were combined and the reaction mixture was incubated for 48
hours at room temperature, Reactivity of the excess bromoscetamide was

quenched at the end of the incubation period by the addition of eysieing to o

final concentration of 10 mM. The reaction mixture was applied fo a desalting

é&iwm equilibrated with FBS buffer. The protein content of the factions
were mooitored with  Coomassie protein assay reagent, all fractions contain-
ing the protein conjugate were pooled and the the conjugate was obtained by

Iyephylisation afer dialysis against water over night.

' Tde Yalaseo, Merkus, Arséerim, Verheul, Lizzlo, Van der Zee, van Bden, Hoffmann, Verhaef,
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Altematives:

Instead of the isolation of the SH reactive HESI1ZKD-bromoacetamid D2,
amino HESI12KD (E, H, I) could be linked with a crogs-linker viaa succinime-
ide- and 2 bromoacetamid function {sce 1. above), SBAP 15 @ member of this

group of cross-linkers and is found in table 2, marked with 2 "D".

Z. Reaction of Thie-EFO with z mai&imié&m&diﬁeﬂ SH-reactive HES
2.1 Example Protecol 3

Canjuga_ﬁ@n of ThioEPQ to HES12KD with 2 eross-linker containing a hy-

drazide and a maleimide fuﬁktiﬁnai group, e.8. MG HL
Materials

A MyCyH stock: 16 mg/mLM2C2H in DMSO, prepared fresh

B, HES12KD: 10 mg/mL in 0.1 M sodium acetate buffer, pH 5.5

C. ThiokPO solution: § mg/mL of ThioEPO in phosphate/NaCl-buffer
D. Fhosphate/NaCl: 6.1 M sodium phosghate, 50 mM NaCI, pH 7.0

. . Microconcentrator: Microcon YM-3 (amicon, Milipme GumbH, Hschbom,

~ Germany}

F. Gel filtration column: for example, Sephadex® G200 (1.5x 45 em)
G, Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,
Bonn, Germany) . o . | ‘
H. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl,
pH 74, ‘

Method

Suippe, 1995, lnfecs, fmmun,, 63, 961
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MyC;H solution was added to 400 b of the HES12KD solution to & final con-
centration of 1 mM and was allowed to react with agitation for 2 hours «f room
temperature. The gxcess cross-linker was removed by centrifuging the sampie
at 14000 x g for 60 minutes using » microconcenirator. After centrifuging the
sample was brought up to its original volume in phosphate/NaCl buffer and
thig process was' Irepeatezi two more fimes. To the MpCH-modified HESIZKD
¢.$ mL of ThioEPO solution was added and the reection mixtre wes incu-.

bated for 2 howrs at room lemperature. Reactivity of the excess maleimides

-was quenched at the end of the incubation period by the addition of eysteine to

a final concentration of 10 mM. The reaction mixture was applied to
Bephadex® G-200 (1.3 x 45 em) equilibrated with PBS buffer and | ml frac-

. tions were collected, The protein sontent of the fractions wers monitored with

a Coomassie protein assay reagent. All fractions containing the protein conju-

gate were pooled and the the conjugate was obtained by lyophylisation after

 dialysis against water over pight.

2*2

33

Procedural Notes

The hydrazone sdduet is slightly Jess stable at extremes of pH. For applica-
tions that may involve treatment at low pH, we reduced the hydrazone by
treatment with 30 mM sodium cyanoborohydride in PBS buffer to a hydrazine.
For most aypiicatiéms, this extra step is unaecessary.

Ezample Protocol 4

Conjugation of ThicEPO to Malsimido-HES12KD B,

Materials

4. Maleimido-HES12KD B: 10 mg/mL in 0.1 M sodium acetate buffer, pH
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B. ThioEPO solution: § mg/mL of ThioEPQ in phosphate/NaCl-buffer

. Phosphate/NaCl: 0.1 M sodium phosphate, 30 mM NaCl, pH 7.0

D. Gel filtration column: for example, Sephadex® G-200(1.5x 43 om)

E. Coomassie® Protein Assay Reagent {Perbio Science Deutschiand GmbH,
Bonn, Germany) ‘

F. PBS, phosg)hate buffered saline:10 mM sodium ph@sphate, 156 mM NeCl,
pH 74,

Method

1 ml SH-reactive-HESIZKD B solution and 1 mL of ThioEPO i solution
were combined and the reaction nﬁxmr@ was incubated for 2 hours at room
femperature. Rcammiy of the excess maleimides wes quenched at the end of

the incubation pemsi by the addition of cysteine to a final concsniration of 10

mM. The reaction mixture was agphed o §ephac§ex® GQQG (i 5 x 45 om)

ethbrated with PBS buffer and 1 ml fractions were collected. The protein

eontent of the fractions were monitored with a Coomassie protein assay re-

agent. All fractions cs:mainiﬁg the protein conjugate were pooled and the the
conjugate was obtained by lyophylisation after dialysis against water over

night.

2.3 Exarnple Protocol 12

Conjugation of ThicEPO to aminoHESIZKD (E, H, ) with & Cross-Yinker

containing 2 NHS-sctive-cster and a maleimide group, e.g. SMCC
Materials
A: Microconcentrator: Microcon YM-10 (amicon, Milipore GmbH, E:schbcm,

Germany). ; ‘
B. PBS, phosphate buffered saline:16 mM sodium phosphate, 15¢ mM NaCl,
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pH74.

C. AminoHES12KD E, H or I Prepared at 10 m/mL in PBS buffer.

D, SMCC solution: T mg SMCC were dissolved in 50 ul DMSO

E. D-8alt™ Dexiran Desalting Columns, 2 ® 5 mL bed volume {Perbio
Scienee Deutschiand GmbH, Bons, Germany) ‘ A

F. Coomagsie® Protein Assay Reagem;, (Perbiq Science Deutschiand GmbH,
Boan, Germany) ,

G. THiOEPO 1 solution: 5 g/l of ThioEPO 1 in PBS buffer.

Method

To 30 gL SMCC solution 400 pL of the aminoHES12KD E solution was.
added and the reaﬁ&iﬁnmixt‘ure was allowed to react with agitation for 80 min
at xoom temperatue and for 10 min at 46°C, The excess crosslinker was re-

* moved by centrifugation of the reaction mixture through a microconcentrator

gt 14000 x g for 80 min. The volume was brought up to 450 uL with PBS
buffer and the process was repeated two more times. Afier the last centrifugs-
tion, the residual solution was brought up to 450 L. with PBS and was added

i 1 mL of ThioEPO golution and the reaction mixture was incubated for 16

. hours 8t room temperature. Reactivity of the excess maleimide was qimched

at the end of the incubation period by the addition of cysteine to 3 final con-
senteation of 10 mM. The reaction mixture was applied to 2 desalting coluran
equilibrated with PBS buffer. The protein content of the fractions were moni-

tored with a Coomassle protein assay reagest, all fractions containing the pro-

tein conjugate were pooled and the conjugate was obiained by lyophylisation

after dialysis against water over night.

Alternatives:
In this reaction, all cross-linkers could be used which have 8 succinimide- or a
sulfosuceinimide function and a maleimide-function, separated by & spacer.

Further examples for this group of molecules, available from Perbio Science
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Deutschland GmbH, Bonn, Germany, are found in table, 2, marked with an
*E". There is a futher group of cross-linkers, which have insﬁeéd of & maleim-
ide function an setivated disulfide funetion, These cross-linkers could also be
'iased faﬁ_the conjugation. However, the disulfide bond of the conjugate is
cleavable under reductive conditions. Members of this group are marked in ta-
ble 2 with 5 "F". A third group of cross-linkers uses instead of 2 malsimide
function 8 vinylsulfon function as a SH-reactive group. A member of this
group "SVSB" is marked in table 2 with 2 °G". ’ "

Exampie 4

Coningation reactions with oxidized EPQ

1. Oxidation of Glyco-EPO

1.1 Oxidation of Glyce-EPO with sedium mela-periodate; Example Ef“mmcail
" ‘ A

Maserials

A. Glyeo-EPO solution: 10 mg/ml. of Glyco-EPQ in acetate baﬁei

8. Sodium meta-periodate sofution: 10 mM or 100 mM sodium periodate in
acetate buffer, prepared fresh. Keep in dark. Using these séimiénss the final
soncentration of sodium periedate in the oxidation mixture is 1 mM or 10
b, respectively.

C. asetate buffer: 0.1 M sodium acetate buffer, pil 5.5

B, Glyeerol

E. Microconeentrator: Microson YM-3 (amicon, Milipore GmbH, Eschbom,

Germany)
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Method

All steps were performed in 3}1;: dack,

To 1 mL of cold G&vco«sEP’(') selution f).i mkL of é@id sodium meta-periodate

solution wers added and the the oxidation reaction was allowsd to procesd for

1 hour in ﬁ‘e dark. If the Glyco-EPO o be csx;dxmd contalned sialic ac;d resi-

dues, then the oxidation condxtmns wese 1 mM ssé;un peméaﬁeg G“C Other.

wise, 10 mM sodivem periedate at room tempnmmm was used, To stop the
sxidation glycerol was added o final concentration of 15 mM and incubated
for 3 minutes at 0°C. The excess Teagents and byupmducts were remove by
s:e:nmfugmg of the product at 14000 x g for 60 minutes using a microvoncen-
trator, After centrifuging, sample was brought up to iﬁs @rﬁginaﬁ volume in the
buffer used in the next mmiiﬁ&aiwn step, ¢.g. 1o the aae:tate buffcr Tim pma»

€55 Was repeaied wo mm'e tames

1.2 Emzymatic cxidation of Glyso-EF0: Example Protoeol 6

The enzymatic oxidation of EPO is dascnbed eiaewhera (Chammw et al,
1892, 1. Biol. Chem,, 26? 15916-15922), ‘

3. Conjugstion with Hydrazine/Hydrazide-Derivatives

. 2.1 Bxumple Protocel 7

Conjugation of oxidised Glyeo-EPO to Thio-HESIZKD M, 0 or G with 2
Cross-linker comtaining # hydrazide and a maleimide functional group,
£.8.M3CoH (Perbio Science, Deutschiand GmbH, Boan, Germany).

Materials
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A Mol stock: 10 mg/m. MGy in DMSO, prepared fresh

B. Oxidised Glyco-EPO solution from 6.1.1: 3 mg/mL of Glyco-EPQ in ace-
tate buffer _ o

C. Thio-HEST2KD M, O or ©: 10 me/mL in phosphateNaCl buffer

. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5

E. Phosphate/NaCl: 0.1 M sodium phosphate, 50 M NaCl, pH 7.0

_ F. Microconcentrator: Micsocon YM-3 {amicon, Milipore GmbH, Bsehbom,

Germany)

. Gel filtration colwmu; for cxmpie, Sephadex® G-200 (1.5 x 43 em)

H. Coomassie® Protein Assay Reagent {Parbio _iSciénce Dentschland GmbH, |
Bonn, Germany} | o '

L PBS, phosphate buffered saline:19 mM sodium phosphate, 150 mb NaCl,
o 7.4 '

Method .

MaCoH stock solution was added to 1 mL of oxidized Glyco-EPO to & final
concentration of 1 mM and was allowed to react with agitation for 2 hours at
0O 'ls:mpemmréo The ‘excess crosslinker was removed by centrifuging the
sample at 14000 x g for 60 minutes using a microconcentrator. After centrifug- -
ii}g{ the sample was brought up to its original volume in phosphate/NaCl buffer
and ibis process was repeated two mors times. To the M;CoH-modified Glyoo- ’.
EPO 1 L of This-HES12KD M, O or Q solution was added and the reaction
mixtuee was incubated for 16 hours at room tcmpemmm.. Reactivity of the ex~
cess maleimides was quenched at the end of the incubation period by the addi-
tion of cysteine. The reaction mixture was appiieé to Sephadex® G-200 (1.5 x
45 cm) equilibrated with PBS ami 1 ml fractions were collected. The protein
content of the fractions were monitored with 8 Coomassie pméein assay re-
agém, all fractions containing the protein conjugate were pooled and the con-

jugate was oblained by tvophylisation after dialysis against water over night. "
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Procedural Notes

+ The hydrazone aﬁﬁ_u&:i is slightly less stable at extremes of pH. For applica-
tions thal may involve eatment af low pH, we reduced the hydrazone by
treatment with 30 mM sodium cyanoborohydride in PBY buffex va hydmzme

For most applications, this extm St Was Unnecessary.

- 2.2 Exémgk Protocol 8§

Di.n;:s:t conjugation of oxidised Glyso-EPO 'm. Hydrazido-HESIZKD L oor 1.
Materials

A, Oxidised Glyeo-EPQ solution from 6.1.1: 5 mg/mL of Glyce-EPQ in ace-
tate bufter | '

. B. Hvdrazido-HESIZKD Lor &: 10 mgme in acetate buffer
C. Acetate buffer: 0.1 M sodium acetate buffer, pH 55 _
B. Gel filtration column: for example, Sephadex® G200 (1.5 x 45 em) |
E. Coomagsie® Protein Assay Reagent (Perbio Secience Deutschland GmbH,
Bonn, Germany)
£ FBS phosphate buffered salme 10 mM scémm phmphatc 150 mbd NaCi
pH74

Method

fml of HydmzsdanESEZKD L or J solution and 1 mL of Qxxdzzsd Giyco»
EPQ soiutism Were s@mbmﬁd and the reaction mixture was allowed to teact
with agitation for 16 hours at room temperature. The reaction mixture was ap-
plied to Sephadex® G-200 (i Sx45 cm} eqminbm ed with PBS and 1 ml frac-
tions wers collected. The profein content of the fractions were monitored with

2 Coomassie protsin assay reagent, all fractions containing the protein conju-
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gaﬁe were pmiad and the the conjugate was obtained by Eyop‘wasatm after
dzaiys;s against waler over mght The result of the canjugatzan is shawn in
Figure 24. The observed molecular shift demonstrates that the x:(amugazm Wi
saccessfui The smear results from the hetefggmi&y of HES, Figﬁre 25 demon-
strates that HES is conjugated to 2 carbohydrate moiety of a c.arbahyﬁ-rate side

chain,
Procedural Notes

The hydrazone adduct is slightly less stable at extremes of pH. For applica-
fions that may involve treatment a low pH, we reduced the hydrazone by
freatment with 30 mM sodmm cyambmshydnde in PBS buffering hy:is‘azm“

. For mest appacamﬁs, this sxtra step was umeﬁess&ry

3. Cenjugation with iiydmxﬁamisae&)erﬁvgtivesg

3.1 Exsmple Protocst 9

Conjugation of oxidized Ciyse~EP@ to Hydroxylamine-HES12KD K
Mss&ex,'iaié

A. Oxidised Giyca EPO solwtion from 8.1.1: 5 mg/mL of GEyco«E?G in sce-
tate buffer

B. Hydroxylamino-HES12KD K: 10 mg/mL in acetate buffer

€. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5

D. Gel filtration coluenn: for example, Sephadex® G-200 (1.5 x43om)

E Coomassie® Protein Assay Reagent (Parbio ‘Seience Deutschland GmbH,

Boan, Germany)

*Rose, 1994, A, Chem. Soc., £16,30
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F. PB5, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl,
pl 7.4 ' '

Method

| ml of Hydroxylamino-HES12KD K solution and 1 mL of oxidized Giyce-
EPO solution were combined and the reaction mixture was aiiaweﬁ to react
with agitation for 16 houss af room temperature. The reaction mixture was ag-
plied to Sephadex® G-200 (1.5 x 45 cm) @guiﬁbmte& with PBS and 1 ml frac-
tions were collected. The protein content of the ﬁaeiioas were monitored with
3 Coﬂméssie probtein assay reagent, all fractions ;:Qnﬁai;xing‘the protein conju-
 gate were pn@ied and the conjugate was obtained by lyophylisation after diaiy;
sis againat waterA over night. The result of the conjugation is shown in F igure
74. The ohserved molecular shift in fane 2 demonstrates that the conjugation
was successful, The sxﬁear results from the heterogenity of HES. Figure 25
demonstrates that HES is conjugated to a carbohydrate molety of & carbohy- .

drate sids chain.

Hxample §

Characterisation of palactose gxidase treated PO Noglveans

Recomﬁinam EPO or ﬁaﬂiaﬂiy desialyiated EPO forms (generatcd by iimiicd mild
acid hydroysis) were incubated with galactose oxi&ase in the presence of catalase
at 37°C from 30 min - 4 hours at 37°C in 0.05 M Na-phosphate buffer pH 7.0,
Progress of the reaction was monitored by removal of 30 ug aliquots of the EPO

and subsequent treatrment of the protein with polypeptide N-glycanase.

Liberated N-linked oligosaccharides (monitored by SDS-PAGE detection of the

- de-N-ghycosylated polypeptide) were subjected to HPAEC-PAD mapping a5 de-
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scribed { Grabenhorst et al, 1999, Nimiz ot al,, 1993/1994; $c§1§&nke ¢ al., 1999)
before and afier removal of sialic acids. Quantitation of oxidised galactose resi-

dues in individual BPO aiigqsaécharides was performed by the typical shift ob-

served in HPAEC-PAD and was also verified by MALDYTOF MS of the oligo-

saccharide mixtures,

Faample &

Characterisation of HAS modified EPQ

Separation of HAS modified EPO forms  from nonreacted EPO and HAS-

* precursor molecules was achieved by gel filtration wsing e.g. Ultrogsl Ack 44/ 54

or similar ge! filtration media. Alternatively, nonreacted HAS was removed by

immuno affinity isciatim of EFC on a4 mL cohumn containing & monoclonal

- antibody mupiedfa Affigel (BioRad) and subseé;umﬁ separation of unmodified
EPO by’ gel fitration {e.g. using & matrix snebling the separation of globular pro-

teins of a relative moleculsr mass bebween 20&;0& and 200kDa ).

HAS modified EPOs were iﬁmﬁﬁed by SﬁS«-FAGE analysis {using 12.5 or 10%
acrylamide gels) through detection of their higher molecular weight compared to
vnmodified EPO upon staimiz_xg of gels with Coomassie Briiia;ﬁ Blue, The higher
molecular weight of HAS modifisd ERPQ poiyyep;ides was also identified by

_ Western Blot analysis of samples using a polyclonal antibedy raised against e

combinant human EPQ,

- N-glycan m@éiﬁcatian of EPO forms was demonstrated by their succassful re-

" moval from the EPO protein with polypeptide Neglycanase {recombinant N-

glycosidase from Roche, Germany emploving 25 units / mg EPO protein at 37“(3
for 16 hours); analysis by SDS-PAGE resulted in o typical shift of the EPO pro-
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tein to 3 migration position of the N-glycosidase treated unmodified EPQ of ap-
proximately 20 KDa. |

Modification of the single desielylated and glacatose oxidase weated EPO Q-
glycan at Ser 126 was demonstrated by SDS-PAGE migration of the de-N-
glycosylated product by detection of its migration position cémpareﬁi 10 nonre-
acted da«’“iwgivmayiated EPC. U mqued modified EPO was fractionated by RP-

HFLC on a C8-phase before SDS-PAGE analysxs HAS O-glycan mcdiﬁcatm of
EPO was also amaiysed by B-glimination ﬁf the {}vg,lvc:an and detectzon of the de-
O-glycosylated farm of EPO in Westem bims using a polyclonal amxb@ﬁy raised

agamt recombinant human EPO,

Example 7

Cuantitation of EPC and modified EPO farg:_;g ‘

'A PO forms where quantitated by UV measwrements as described in Ph.Bur (2000,

- Erythropoietini solutio concentrata, 1316, 780-785) and compared to the intema-

tional BRP reference EPO tsxtzzz_::z;ci:,%.z'd,.. Alternatively, EPO concentrations were de-

" termined by 2 RP-HPLC assay using a RP-Cd-column and absorpﬁicn at 354 nm

employing 20, 40, 80 and 120 pg of the BRP sﬁandard EPO reference prepammn ‘

for caisb:zat;m

Example 8

In-vitre bislogical actvity of HES-modified recombinant human EPQ:

Purified HES-modified EPQ was tested for activity using the ervthropoistin bioac~

tivity assay as described by Krystal [Krystal, 1984, Exp, Heamatol, 11, 849-660].
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Arnemia was induced in NMRI mice by treatrent with phenylhydrazine hydro-
chioride and splesn cells were sollected and used as described in [Fibi stal, 1991,
Blood, 77, 1203 ££]. Dilutions of EPO were incubated with 3x10° eellsfwell in 96-
well microtiter plates. After 24 bours at 37° C in 8 humified atmosphere (3% €Oy}

cells were labelled for 4 hours with 1 1Ci of *H-thymidine per well, Incorporated
radionctivity was determined by louid scintilation counting, ’me E'xt*’matmﬁai

seference EPO standard (BRP -standard) was used f@r cemgzmamx

Aitems;ﬁﬁeiy, EPO bieactivity was measured by an in Vitré assay using the EPO-
sensitive cell line TF-1 (Kitamura ot al., . cell Phys., 140. 323-334), Exponen- -
tially growing cells were washed free of growth factors 'aﬁd were iacubaiéd in the
presence of serial dilutions of the EPQ for further 48 hows, Proliferation 55 the
cells was assessed by using the MTT reduction assay a;s‘dcscrib.ed by Mosmaon
[Mosman, 1983, Limmunol. Methods, 65, $5-63].

Example 9

1n~vive activih aietermmatmn m‘f ¥P0 and ﬂAS«mmE;ﬁeﬁ EPO forms:

In vivo activity determinations were performed in normocythemic mice by meas-
uring the increase of reticulocytes after 4 days after animals received the foressen
dose of EPC or modified EPO forms. Assays were performed using the BRY EPO

standard which was calibrated against the WHO EPO standard in the poly-

cythemic mouse assay. EPG samples were diluted in phésphaﬁ@ buffered saline

containing | mg/ml of bovine serum albumin (Sigma).

§.5ml Qf the EPO test solution in Dulbeceo’s buffered saline {corresponding to an

EPO protein eqmaimt of a 100, 30, 40 or 20 1U/ml of the BRP standard E?G}

weie infected suecutanmusly per animal. Blood samples wers taken afier 4 days
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after injection and reticulocytes were stained with acridine orange; quantitation of
reticulocytes was performed by flow-cyiometry by counting a total of 30,000
blood cells within 3 hours afier the blood sample was taken {see Ph, Eur, 2000,
Erythropoietini solutio concentrata, 1316, pages 780-785) and Emép@an Pharma-
copaeia (1996/2000, attachment 2002)

Exsmple 18

In=vive half-life Determinations

Rabbits were injected intravenously with specified amounts of upmodified or

" HAS-modified EPC forms. Blood sampieé were obtained gt specified timés, and

serum was prepared. Serum erythropeietinlevels were determined by in vitro bio-

assay or by an EPO-specific commercial ELISA.

Example 11

Invivo pharmakolkdnstics

* Inmice: Bach animal regei?ed 360 IU EPO/kg subcutaneously. Seven days afier

the post-treatment hematocrit of each animal was determined. A substantial in-
crease in hematocrit was observed 9in all animals treated with modified EPO, an
expected result in view ¢ the relatively short hatf-life of untreated EPC. The mean
changs in hematocrit of the modified EPO-treated group was significantly differ-

ent from that of the untreated EPO group and that of the control group.

In rabbits: Rabbits were treated with 2 single dose of unmodified or HAS-
modified EPO corresponding to 200 or up o 800 ng'kg body weight. After 2, 6,

1§, 24 and 48 hours blsod samples were analyzed by using a commercial EPQ-
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specific ELISA for determination of plasma concentrations. Mean plasma EPQ
concentrations were determined and the average initial half-lives (a-phase} and
the tzrminal half-lives (B-phase) were calculated from the ELISA values as de-

. sotibed: (Zethmiss! et al., 1989, . Biol. Chem,, 264, 21153-21139),

Literature:

Sytkowski, Lﬂm, Risinger, and Davis, §9§9; An Erythuopoietin Fusion Protein
Comprised of Identical Repeating Bomains Exhibitis Enhanced Biological Fispf
erites, I, Biol. Chem., 274, 24773-2477%. '

Emm fe 82

Asscssment of the ja vitre bislogical setivity of HES-modified recombinant
human IL-2 .

Modified 1L was recoversd by gelfilization on Ulrogel AcA 34. Aliquots of cor-
réspendingl fraction were sterile filizated and 112 bicactivity was determined by
using the IL2 dependsnt murine CTLL-2 cell line [Gillis, Ferm, On, and Smith,
1978, Limmunel., 120, 2027-20321. Activity was related to the international ref

grence IL2 s&gndé.rd preparation. .
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Example1d:  Formation of hydroxyethyl starch derivatives by reduclive

amination of the non-oxidised reducing end

‘Exzmple 131 Reaction of hydroxyethyl starch with 1 3-dlamine-2-hydroxy

>’ sz\s/\y"\wﬁz

. OH

5 propane

g} Toasolution of 200 mg hydroxysthyl sta;reh {HES1B0.4 (MW = 1&9@0 D,
. DE=0.43) in 3 ml _wéter, 0.83 mmol 1,3-diamino-2-hydroxy propane and 30 '
© g sodiom cyambeéohydr&& N:aCNBHg Were‘addsé, The r&suiﬁﬁg mixture
18 was incubated at 80 °C for 17 h. The reaction mixture was added o 160 mi
of a cold 1:1 minture of acetone and ethanel {v/v). The pr@cipiﬁéﬁe was col-
lected by centrifugation and diaiyéed for 4 d against water {Snake:Skin’dEn
alysis ubing, 3.5 KD cut off, Perbio S@ience Deutsehland GobH, Rons, D),
and lyophilized. ' |
13 | - . .
B Incubation of tbg mixture resulting from adding 0.83 mmol 1,3-diamino-2- ~'
B hydroxy propane and 50 myg sodium cyanoborohydrate NaCNBH; to the so-
lution of 2@5 mg h&dmxyeﬁlyl starch was algo possibie’aﬂd carried out at 235
, oL for 3§i |
26 ' . : _
Exsmple 132 Reaction of hydmxyethyilseamﬁ with lz-dihy;;imxyé-amim
propane | ' '
HZNAT/\QH
OH

8) Toasolution of 200 mg hydréxysthyl starch (HESI8/0.4 (MW = 18,000 D,
25 B3=0.4)} in 5 ml water, 0.83 mmol 1,2-dikydroxy-3-amine propane and 50
mg sodivm z:ymé‘bcmhydrate NaCNBH; wers added. The resulting mixture
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was incubated at 80 °C for 17 h. The feactionmixmre was added 10 160 mi

of a cold 1:1 mixture of acetone and ethanol (w/v). The precipitate was col-

lected by centrifugation and dialysed for 4 d against water {SnakeSkin di-
alysis tubing, 3.5 KD cut off, Perbio Sclence Deutschiand GmbH, Bous, D),
and lyophilized. '

The seaction of 1,2-dihydroxy-3-amino propane with HES we@s confirmed

indivectly by o;uaz;tiﬁéatim of formaldehyde, resulting from the exidative

- gleavage of the 1,2-diole in the reaction product by perindate as described -

by G. Avigad, Anal. Biochem. 134 (1983) 449-504.

Incubation of the mixture resulting from adding .83 mmel 3,2;dihydmxym_

, 3-amino pmpane‘ and 3¢ mg sodiam éyambmehydrate NaCNﬁﬂg to the

solution of 200 mg hydroxyethy! starch was also possible and earried owt &t

IS0 fardd.

Example 13,3 Reaction of hydroxyethyl starch with E:,éxgiiamixm butane

b}

HENM/NHz

To a solution of 200 mg hydroxysthy! starch (HES18/0.4 MW = 18,000 D,
D5=0.4)) in § m} water, .83 mmol 1,4-diamino butane and 50 mg sodium
cyanoborohydrate NaCNHH; were added. The resulting mixture was ncu-
bated at 8% °C for 17 h. The reaction mixture was added to 160 mi-of a cold

1:1 mixture of acetone and ethanol {vfv). The pmcipit:aﬁe' was collected by

centrifigation and dialysed for 4 d against water (SnakeSkin dialysis mbﬁng,
3.5 KD out off, Perbio Science Deutschiand OmbH, Bonn, D), and lyophi-

Hized.

~Incubation éf the mixture 'resuitiﬁg from adding 0.83 mzﬁai §d-diamino

‘butane snd 30 mg sodium eyancborshydrate NaCNBH; to he solution of
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200 mg hydroxyethy! starch was also possible and carried out at 25 °C for 3
d.

Example 13.4  Reaction of hydroayethyl starch with L-mereapto-Z-aming
5 sthane k

ﬁSWNHz

8} Toasolution of 200 mg hydroxyethyl starch (HES18/0.4 (MW = 18,000 13,
ﬁ§mﬁ.4)) in § ml water, 0.83 mmo! {-mercapto-2-amino ethane and 50 mg

sodium cyanoborchydrate NaCNBH; were added. The vesulting mixtﬁre

10 was incubated ot 80 °C for 17 b The reaction mixture was added to 160 m]
of 2 cold .E:i' mixturs of acetone and ethanel (vv}. The precipitate was col- .

fected by centrifugation and dialysed for 4 d against water (SnakeSkin di-

aiyéis tubing, 3.5 KI1 cut off, Perbic Science Deutschisnd GrabH, Boan, D},

and fyophilized. -
13 .
b Incubation of the mixiire msuit‘_mg from édding 0.83 mmo! 1-mercapto-2-
; aﬁﬁna‘eﬁ:ane and 50 mg sodium cyambamhydréﬁs NaCNBH; to the solu-
tion of 200 mg hydroxysthyl starch was also possible and caried out at 25
*Chordd

Exsmple 14: Formation of aneﬁmkyeihyi starch derivatives by conjuge-

tion with the non-exidised reducing end

Example 14.1:" Reaction of hydroxyethy! starch with carbehydrazide
Q

| HZN;& ,H\'N,,Nﬁz

H ®H
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(.96 g of HESIR/O0.4 (MW = ES,@GG D, D8=0.4) were dissclved in 8 ml agueous
8.1 M sodium acetate buffer, pH 3.2, and 8 mamol carbohydrazide (Sigma Aldrich,
Taufkirchen, ) ;véere added. After stirsing for 18 hoat 25 °C, the resction mixturs
was added o 160 m! of a cold 1:1 mixture of acetone and ethanol (vw/v}. The pre-
cipitated product was collected by centrifugation, re-dissolved in 40 mi water, and
dislysed for 3 ¢ against Mter {SnakeSkin dialysis tubing, 365 KD cut off, Perbio
Science Deutschisad GabH, Bomn, D), and Iyophilized.

Example 14.2: Remﬁiam of hydroxyethyl starch with adepic dihydrazide
. : Q N .

0.96 gof Hﬁélgiﬂ.é MW = ES,‘GOﬁ D, DS=0.4) were dissolved in 8 mi aqueous
0.1 b sodivmn seetate buffer, pH 5.2, and 8 ol adepic Sihydrazida (izmcastef
Synthests, FraukfurtMain, D) were added. After stirming for 18 b at 25 °C, the
reaction mixture was added to 160 ml of a cold 111 mixture of acetone and ethanol
{vfv). The precipitated pmduﬁ Was ‘cﬁiiecte:a‘i by centrifugation, re-dissolved in 40
ml water, snd dialysed for 3 d against water {SnakeSkin dizﬁysis tubing, 3.5 KD
cut off, Perbio Science Deutschiand GmbH, Bonn, D}, aad yophilized,

Exzmple 14.3: Reécﬁi@nnef hydrozyethyl starch with igéuphenyimembis%«

thiosemicarbazide

HN

(.96 g of HES18/0.4 (MW = ES,GQG B, DS=0.4) were dissolved in 8 ml agueous
0.1 M sodium acetate buffer, pH 52, and & mmol 1,4-phenylene-bis-3-
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thiosemicarbazide (Lancaster Synthesis, Frankfur/Main, ’D) were added. Afer
stiming for 18 b at 23 °C, 8 m! water was added to the resetion mixture, and the
suspension was centrifugated for 13 min at 4,500 rpm. The clear supernatant was
decanted and subssquently added to 160 mi of & cold 1:1 mixtuse of acetone and
ethanol (v/v). The precipitated product was collected by centrifugation, re-
dissolved in 40 ml water, and c&nirifug&&eé for 15 min at 4,500 rpm. The clear
gupernatant wag dialysed for 3 d against water (SmkeSkixgdiaiysis tgbing,, I5KD
out off, Perbio Science Deutsehiand GmbH, Bonn, by, and 1y0philiia&.

Exsmple 14.4: Reaction of hydroxyetbyl starch with Gnizn(zuéminaax3'é '
ethoxy}-ethyl}-hydroxyl amine

L0 ~ D
HNT 07N g,

0»[2-(2«aminooxy~ei}aexy)~eihj'1}whydmxyi amim was sjrmhasimd EN desgribad in
Boturyn et al. Tetrahedron 33 (1997) p. 3485-5492 in 2 steps from commercially

available materials,

0.96 g of HESI8/0.4 (MW = 18,000 D, DS=0.4) were dissolved in g mi.aqueeus

- 8.1 M sodium acetate buffer, pH 5.2, and § mmol O-{2-(2-aminooxy-ethoxy)-

eﬂayi}-hydmxﬁ smine were added. After stimng'far 18 b at 25 °C, the reaction

mixture was added to 160 ml of a cold 11 miture of acetone and ethanol (viv). -

The précipimeé product was collected by centrifugation, re-dissolved in 40 ml
wéter, and dialysed for 3 d against water (SnskeSkin dialysis tubing, 3.5 KD ot
off, Perbie Science Deutschland GrabH, Bonn, 1), and lyophilized. '

Example 15 Formation af i&yﬁmxyemyiissamh derivatives by reaction

with the exidised reducing end

Example 151 Reaction of hydroxyethyl starch with carbohydrazide
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HAL ,JE\N,NHZ

H H

0.12 mmol Oxo-HES 10/0.4 (MW = 10,000 D, DS={.4, prepared according to DE
196 28 705 AL} were dissolved in 3 mi absolute dimethy! sulfoxide (DMSO) ami

added dropwise under nitrogento a mixture of 15 mmol of carbohydrazide (Sigma

- Aldrich, szﬂnrc}:en, Dhin 15 mi DMSO. Aﬁer stirring for 88 h at 65 °C, the

reaction mixture was added to 160 mi of 2 cold 11 mixture of acetone and ethang!
{viv). The pmcipitaie was collected by centrifugation and was dialysed for 4 d
against water {(SnakeSkin dialysis tubing, 3.3 XD cut 02‘1 Perbio Science Deutsch-

land GmbH, Bonn, D) and Iyophilized.

Examgﬁe 1&2 Reacticn of hydroxyeihyl starch with 1,4v§3§xessy§emnb§s~3a
thissemicarbazide .
H

- ,N N o~ '
O

0.12 mmo} Oxo-HES 10/0.4 (MW = 10,000 D, DS=0.4, prepared according to DE
196 28 705 Al) were dissolved in 3 mi absolute dimethy! sulfoxide (DMSO) and

 added dropwise under z&itmgén to & mixture of 15 mmol of 1 4-phenylene-bis-3-

thigsemicarhazide {Lancaster Synthesis, FranldfuryMain, D) in 15 mi DMS0, AF-
ter stirring‘ for 88 h at 65 °C, the reaction mixture was added to 160 ml of a cold
E:1 mixture of acctone and ethanol (w/v). The precipitate was collected by cen-
trifugation and was dislysed for 4 d against water (SnakeSkin dialysis tubing, 3.5
KD cut off, Perbio Science Dsutschiai{d GmbH, Bonn, 1) and lyophilized.

Example 153  Reaction of hydroxyethyl starch with hydrazine
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H,N~NH,

1,44 g (0.12 mmol) of Oxo-HES 10/0.4 (MW = 10,000 D, DS=0.4, preparsd sc-

- cording to DE 196 28 705 A1) were dissolved in 3 ml absclute dimethyl sulfoxide

(DMSO) and were added dropwise under nitrogen to a mixtwre of 0.47 mi (15
munol) hydeazine in 15 ml DMSO. Afier stiring for 19 b at 40°C the reaction

mixture was addsii i 160 miofa It i mixture of ethanol and acetone {v/v). The'

‘ precipitated pmduc:t was ceilec&ed by centrifugation, redissolved in 40 mL of wa-

© ter and diatysed fer 2 da;ys againat & 0.5 % (v/v) tricthylamine in water solution

and for 2 days aﬁmnst water {SnakeSkin dialysis tubing, 3.5 KD cut off, Parbio
Science Deuﬁschiand Gmb}i Bonn, Gemxany) and iyophﬂized

Example 154  Reaction of hyézx*oxyeiiiyi starch with hydroxylaming
' o o
HANT 07 N,

’ Q~{2»{2aammcéxy*cmoxy}sL%yi}»hyémxyiamine was synthesized as dascri&:d by

Boturyn et af in 2 steps from commercially avaiiaﬁie materials (Boturyn, Boudali,
Constant, Deﬁanc's:gg Lhomme, 1997, Tesrahedron, 53, 5485).

144g (012 mmol) of Oxo-HES 10/0.4 '(MW = 10,000 D, D8=0.4, prepared se-
cording to DE 196 28 705 Al were dissolved in 3 mi absolute dimethy] sulfoxide
{DMS0) and were added dropwise under niimgen to o mixture of 204 g (15
o} 0-{2~(2=amiﬂoaxy«eﬁmxy}-ethyi}vhydmxyla;ﬁiné in 15 mi DMSO, After
stirring for 48 b st 65°C the reaction mixture was added 1o 160 ml of a 2] mix-
ture of ethanol and acctone {v/v). The precipitated product was collected by cen-
trifugation, redissolved in 40 ml of water and diaiysed for 4 days against water -
{SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Qeutsch iand Gmbﬁ
Bonn, Germany) and lyophilized. »

Example 183 Reaetion of hydroxyethyl starch with sdepic dthydrazide
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174 g (15 mumol} adepic dihydrazide were dissolved in 20 ml absolute dimethyl

' sultoxide (DMSO) at 65°C and 144 g (0,12 mmol) of Oxo-HES 10/0.4 (MW =

30,000 D, I}S’J(}.«fs, prepérsd acpording to DE 196 28 703 Al), dissolved in 3 mi
absoiute DMSO. were added dropwise under nitrogen, ARer stirring for 68 h at

- B0°C the reaction mixtwre was added to 200 m! of water The solution containing

 the reaction product was dialysed for 2 days against a 0.5 % (v/v) tristhylamine in

water solution and for 2 days sgainst water {SnakeSkin dislysis tubing, 3.5 KD
cut off, Perhio Science Deutschland GmbH, Boon, Germany) and lyophilized,

Fxsmple 15.6 - Reaction of hydmiyé&hyi starch with 14-diamine butane
H2N N NHZ

1.44 g (0.12 mmol) of Oxo-HES 10/0.4 (MW = 10,000 D, DS=0.4, prepared sc-
c&rdix;g; o DE 196 28 705 Ai} were dissolved in 3 mi dry dimethyl sulfoxide
{DMSO) ami were added dropwise under nitrogen to 2 ﬁnixmre of 1.51 ml {15
mmol) |,4-diamincbutans in 15 ml DMSO. After stirring for 19 h at 40°C the
reaction mixture was added to 160 mlof & 111 mixture of ;:thami and acetone
{va_j‘ The precipitate Amino-HESIOKD/04 was collected by centrifugation, re-

dissolved in 40 ml of water and dialysed for 4 days against water (SnakeSkin di-

alysis tubing, 3.5 KD out off, Parbio Science Deutschland GmbH, Bonn, Ger-

many) and lyophilized.

Example 16 Ox?datim of srythropoistin
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Oxidized ém}lrspciﬁtin was produced as described in Example 20. As ouidized
erytheopoletin, EPQ-GT-1-A as described in Example 20.11(c) was used (EPO-
GT-1 without acid hydwoylsis, treated with mild periodate oxidation).

‘Emmpie 17:  Cosjugation of hydrozyethyl starch derivatives with oxi-

dized erythropeietin of example 4

Example 171 Reaction of exidized ervthropoletin with the resetion prad-

. uet of example $4.1

Oidized EPO (1.055 pg/ul) in 20 mM PBS buffer was sdjusted to pH 5.3 with 5
M sodium scetate buffer, pHE2. Toioul of the EPOQ solution, 1 pl of a solution
of the HES derivaie as produced according to example 14.1 (MW 13 kD; 187

g/l in 0.1 M sodium acetate buffer, pH 5.2) was added, and the mixtws was

incubsated for 16 h at 25 °C. After iyaphilisatim, the crude product was analyzed
by SDS-Page with NuPAGE 10% Bis-Tris Gels/MOPS buffer {Invitrogen, Cwis;
bad, CA, US4} as described in the 'iﬁsmzct:?oms given by Invitrogen, The gel is
staived with Roti-Blue Coomassie staining reagent (Roth, Karlsrube, D) over-

night.

The experimental result Is shown in Fig. 3, A successful conjugation is indicated

by the migration of the protein band to higher roolecular weights. The increased

" bandwidth is due to the molecular Weight distribution of the HES derivatives used

and the number of HES derivatives tinked to the protein.

Example 17.2 ° Reaction of oxidized erythropeletin with the reaction prod-

uct of example 14.3

Ouidized EPO (1.035 pg/ul) in 20 mb PBS buffer was adjusted to pH 8.3 with §

M sodium acetate buffer, pH 5.2, To 19 i of the EPO solution, 18 ul of 2 solution
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of the HES derivate as produced according to example 14.3 (MW 18 kD; 187
ug/ul in 0.1 M sodium acetate buffer, pH 5.2) was added, and the mixtuée was
incubated for 16 b at 25 °C. Aﬁe;‘ tyophilisation, the crude product was analyzed
by SI¥S-Page with NuPAGE 10% Bis-Tris Gels/MOPS buffer (Invitrogen, Carls-
bad, CA, USA) as described in the instructions given by Invitrogen, |

Example 7.3 Reaction of vxidized erythropoietin with the resction prod-
' : uct of example 14.4 .

Oxidized EPO {1.055 pg/uby in 20 mM PBS buffer was adjusted to pH 3.3 with 5
M sodtiumn acetate buffer, pH 5.2. To 19 l of the EPO solution, 13  of a solution
of the HES derivate as produced aceording to éxémple' 4.4 MW éS kD; 187
pg/ul in 0.1 M sodium acetate buffer, pH 5.2) was addédg and the mixtwe was
incubated for 16 1 at 25 °C. After fyophilisation, the crude product was analyzed
by SDS-Pags with NUPAGE 1 (% Bis-Tris Gels/MOPS buffer (Iavitrogen, Carls-
bad, CA, USA} as described in the iﬁsimcﬂms given bg; invitrogen, The gel is

stained with Roti-Blue Coomassie stajning teageﬁ; {Roth, '(Karjismhe, o over

‘ nig}zt, .

The experimental result is shown in Fig. 4. A successful conjugation is indicated

by the migration of the protein band to higher molecular weights. The increased

© bandwidth is dus o the moleeular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the p'mteiajx B

. Example 174 Resetion of oxidized erythropoletin ?ziéﬁz ghe reaction prod-

uet of exsmple 15,1

Cxidized FPO (1,055 ug/ul) in 20 mM PBS buffer was sdjusted to pH 5.3 with §
M sodivm scetate buffer, pH 5.2, To 19 pl of the EPQ soiution,' 18 ul of a solution

of the HES derivate as produced according to example 15.1 (MW 10 kI 187

pgful in 0.1 M sodium acetate buffer, pH 5.2} was added, and the mixturs was
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incubated for 16 h at 25 °C. After tyophilisation, the crude product was anslyzed
by SQS»Paga with NuPAGE 10% Bis-Tris Gels/MOPS buffer {Invitrogen, Carls-
bad, CA, USA) as described in the instructions given by Invitrogen. The gel is
stained with Roti-Blue Coomassie staining reagent (Roth, Karlstuhe, ) over-

night.

The experimental result is shown in Fig. 5. A successful conjugation is indicated

by the migration of the protein band to higher melecular weights. The increased

bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

Exmgsie 175 Repction of oxidized erythropeaistin witi; the reaction prod-

. uetof éxamgﬁe 158.2 -

Oxidized EPO (1.055 ug/pl) in 20 mM PBS buffer was adjusted to pH 5.3 with §

M sodium acetate buffer, pH .2, To 19 1l of the EPO solution, 18 i of a selution
of the HES de:rivaté as pmﬁuce&a&:éafdmg to example 13.1 (MW 10 KD; 187
ug/ul in 0.0 M sodium scetste buffer, pH 5.2} was added, and the mixture was
incubated for 16 h at 2§ °C. After lyophilisation, the crude product was analyzed
by Si)S»Pags with NuPAGE 10% Bis-Tris GelsMOPS buffer (fnvitrogen, Carls-

~ bad, CA, USA) as described in the instructions given by Invitrogen. The gel is

stained with Roti-Blue Coomassie staining reagent (Roth, Karlsruhe, 1) over-

night.

The sxperimental result is shown in Fig. 3. successful conjugation is indicated by
the migration of the protein band to higher molesular weights. The incressed
bandwidth is due to the molecwlar weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

- Esample 8- F grmétim; of Thio-EPO by reduction of erythropoietin
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241.3 pg erythropoietin (EPO-GT-1, see Example 20} in 500 sl of a 0.1 M so-
dium borate buffer, 5 mM EDTA, 10 mM DTT (Lancaster, Morcambe, UK), pH
8.3, were incubated for 1 har 37 °C. The DTT was removed by centrifugel filiva-
tion with a VIVASPIN {35 ml concentrator, 10 KD MWCO WWA&CEE‘@CE
Hannover, D} at 13,000 rpm, subsequent washing 3 times with the borate baﬁer
and twice with a phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2). -

FExample 1%:  Conjugation of andmxyeéhyi starch derivatives with thie-

erythropeietin using 2 crosshinking compound

. In each of the following examples, N-{sipha-maleiridoacetoxy) succinimide ester -

{AMAS)

wasused a5 crosslinking compound.

Example 19.1 - Reaction of this-erythropoletin with the resction product of

sxample 14.1 and the crosslinking compound

To 50 nmel HES derivate ss produced according to example 14.1 and diss;oiyed in
W0plofalliM sodimﬁ phosphate buffer (0.1 M, 8.15 M NaCl, 50 mM EDTA,
pH 7.2}, 10 ul of a solution of 2.5 prmol AMAS (Sigma Aldrich, Taufkirchen, D)
in DMBO were édd;e(i. The clear solution was incubated for 80 min at 25 °C and

20 min at 40 °C. Remaining AMAS was removed by centrifigal filtration with 8

VIVASPIN 0.5 m] concentrator, $ KD MWCO (VIVASCIENCE, Hannover, 1)

at 13,000 rpm, wasﬁing 4 times and 30 min with the phosphate buffer..
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Te the residual solution, 13 pg of ThioBPO as produced according o example 18
(1 ug/w! in phosphate buffer) were added, and the mixture was incubated for 16 h
at 25 °C., Afiter lyophilisation, the crude product was analysed by SDS-Page with
NuPAGE 10% Bis-Tris G@ES!MQ?S buffer {Invitrogen, Carlshad, USA) as de-
seribed in the Enstructig:;ns_ given.by Invirogen, The geivis stain;ezci with Roli-Blue
Coomassie staining reagent (Roth, Kaﬂsmhei ) overnight,

* The cxperimental result is shown in Fig. 6. A successful conjugation is indicated

by the migration of the protein band to higher molecular weights. The incressed

bandwidth is due to the melecular W@ight distribution of the HES derivatives used
and the number of HES derivatives linked to the protein.

Example 18.2.  Reaction of this-erythrepeistin with the reaction product of

example 14.2 and the crosstinking mmpamd

. To 50 nmol HES derivate as produsced according ts_)' example 14.2 and dissolved in '

200l ofa Q.lk M sodium phosphate buffer (0.1 M, 8.15 M NaCl, 50 mM EDTA,
pH 7.2} 10 yf of & solution of 2.5 ymol AMP;S {Sigma Aldrich, Taufkirchen, D)
in DMSO were added. The clesy solution was incubated for 80 min a1 2§ *Cand
20 min at 40 °C. Remaining AMAS was removed by centrifugal filiration with;'a .
YIVASPIN 0.5 mi concentrator, § KD MWCO (VIVASCIENCE, Hannover, 1)
at 13,000 rpm, washing 4 times and 30 mis with the phosphate buffer.

To the residual solution, 1§ Qg of ThicEPQ as pro&ue;cd according to example 18
{1 pe/pl in phosphate buffer} were added, and the mixture was incubated for 16k
at 25 °C. After _iy@hiiisaﬁm, the crude product was analysed by SDS-Page with
NuPAGE 10% Bis-Tris Gels/MOPS buffer (Invitmgém, Caﬁsba&, USA) a5 de-
seribed in the insteuctions given by In;fitmgezin The gel is stained with Roti-Blue

Coomassie staining reagent (Roth, Karlsrube, D) overnight.
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The experimental result is shown in Fig 7, A successful ccnjugaﬁm i indicated
by the migration of the protein band to higher molecular weights. The increased
bandwxd;h is due to the molecular weight distribution of the HES derivatives used

and mc number of HES derivalives tinked o the protein,

Exsmple 12.3 Resetion of tiﬁi&mytﬁam;mieﬁn with the reaction product of

example 14.3 and the ergsshinkdag compound

" To 50 nmol HES derivate as ?rcdacsd according to sxample 14.3 and dissolved in
200 plofall M sodium phosphate buffer (0.1 M, 9.15 M NaCl, 30 mM EDTA,’

pH 12}, 10 wiofa solution of 2.3 pimol AMAS (Sigma Aldrich, Taufkirchen, I}

. in DMSO were added. The clear solution was incubated for 80 min at 25+%C ami ,

20 min at 40 °C. Remmmng AMAS was remaved by centrifugal filration with 2
VIVASPIN .5 ml concentrator, § KD MWCO (VIVASCIENCE, Hannover, D}
at 13,000 rpm, washing 4 times and 30 min with the phosphate buffer.

" To the residuat solution, 15 ug of ThioEPQ as produced according to example {8

{1 pg/ul in phosphate buffer) were added, and the mixture was incubated for 16 5
at 25 °C. After fyuphilisation, the crude product was analysed by SD5-Page with
MNuPAGE 10% Bis-Tris Gely/MOPS bu{féﬁ‘ {Invitrogen, Carlsbad, USA) as de-
scribed in the instructions giveﬁ by Invitrogen. The gel is stained with Roti-Blue

Coomassie staining reagent (Roth, Karlsruhe, I} overnight.

The experimental result Is shown in Fig. 7. A successhil conjugation is indicated
by the migration of the protein band to highef molecular weights. The increased
bandwidth is dus to the moiémiar weight disteibution of the HES derivatives used
and the number of HES derivatives finked to the protein.

Esample 194 Reaction of this-erythrepeietin with the reaction product of

example 14.4 and the crosstinking compousnd
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To 50 nmol HES derivate as produced according to'example 14.4 and dissolved in
2{}{} ul of a 0.1 M sodium phosphate buffer (0.1 M, 9.15 M NaCl, 30 mM EDTA,
pH 723, 10wl of a solution éf 2.5 wmol AMAS (Sigms Aldrich, Taufkirchen, I}
in DMSO were addsd. The clear solution was incubated for 80 min at 25 *C and
20 min 8t 40 °C. Remaining AMAS was removed by centrifugal filtration with a
VIVASPIN 0.5 mi concentrator, 3 KD MWCQ (VIVASCIENCE, Hannover, D)
at 13,000 rpm, washing 4 times snd 30 mﬁn with the ghosghaie buffer, |

To the residual solution, 1§ pg of ThicEPO as pmduceé acéarding to example 18

{ ;nggai in phosphate buffer) were added, and the mixture was inoubated for 16 h
at 25 °C. After lyophilisation, the crude product was analysed by SDS-Page with
NuPAGE 10% Bis-Tris Gels/MOFS buffer (Invitrogen, Carlsbad, USA) as de-
scribgd in the instructions given by Invitrogen, The gel is stained with Roti-Blue

Coomassie staining reaigem {Roth, Karlstuhe, D) ovemig.ht.‘

The experimental result is shown in Fig 6. A successful cmzjugaiién is indicated

by the migration of the proigin band 1o higher molecular weights. The inereased
bandwidth is due to the meolecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein,

Example 13.5 Resetion of thic-erythropoietin with the reaction product of

~ example 13.1 and the emssﬂiimking compound

To 30 nmol HES derivate as gﬁwﬁucecﬁ according 1o example 13.1, & incubation
conditions of 80 °C and 17 h as well as 0f 25 °C and 3 ¢, and dissolved in 200 yl
of 2 0.1 M sodium phosphate buffer (0.1 M, 8.15 M NaCl, 50 mM EDTA, pH

7.2, 10 pi of a solution of 2.3 umol AMAS (Sigma Aldrich, Taufiirchen, Diin

DMSO were added. The clear sofution was incubated for 80 min at 25 °C and 20

min gt 40 °C. Remaining AMAS was removed by centrifugal filiration with 2

VIVASPIN 0.5 ml concentrater, § KD MWCO (VIVASCIENCE, Hannover, D)
at 13,000 rpm, washing 4 times and 30 min with the phosphate buffer.
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To the residual solution, 15 g of ThioEPQ as produced according to example 18
{1 ug/ul in phosphate buffer) were adds:cf, and the mixture was incubated for 16 h
at 25 °C, After lyophilisation, the crude produst was analysed by SDS-Page with
NuPAGE 10% Bis-Tris GelsMOPS buffer {Invitrogen, Carlsbad, L’SA} as de-

seribed in the instructions given by Invitrogen. The gel is stained with Roti-Blue

' Codmassie staining reagent (Roth, Karlsruhe, D) overnight.

The experimental result is sﬁown in Fig. 7. A successful conjugation is indicated
by the migration of the protein band to higher molecular weights, The increased
bandwidth is due fo the molecular wéﬁght distribution of the HES derivatives used
and the number of HES derivatives lnked to the protein. N .

" Exanmple19.6 Reaction of ihiavﬁrythmgaiéﬁn with the reactien product of

example 13.3 and the erosslinking compound

To 30 nmol HES derivate as produced acccrding to example 133, ot incubation

‘ conditions of 80 °C and 17 has well a3 0£ 23 °C and 3 4, and dissolved in 200 pl-
of a 0.1 M sodium phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH

7.2), 10 gl of 2 solution of .5 wnol AMAS (Sigma Aldrich, Taudkirchen, D in

' TDM§0 were added. The clear solution was incubated for 80 min at 23 °C and 20

anin at 40 °C, R»mmmmg AMAS was removed by cents rifugal filtration mth 8

VIVASPIN 0.5 m! concentraior, 5 KD MWCO (VIVASCIENCE, Hannover, D)

. ab 13,000 rpm, washing 4 times and 30 min with the phosphate buffer.

To the residual solution, 13 ug @f ThwEP(} as pwduceci awmdmg to exampl@ 18

{1 ug/pel in phosphate buffer) were added, and the mixture was incubated for 16h ’
at 25 °C. After lyophilisation, the crude product was analyseﬁ by SDS-Page with ‘
NuPAG'F 10% Bis-Tris Gels/MOPS bulfer (Tavitrogen, Carlsbad, USA) as de-

scribed in the xrstmcimns given by Invitrogen. The gel is stained with Roti-Blu

Coomassie stasmmg magem {R@t&g Karismhe, | 3)] ovemxgh&
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The experimental result is shown in Fig 7. A successful conjugation is indicated
by the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein.

'Emm}pie'li‘ﬁ ' ‘Reaction of this-erythropeletin with the reaction product of

“example 15,1 #mﬁ the erosslinking compound

"E‘s 30 nmol HES derivate, produced according to Example 15.1 and dissolved in'

200 pt phosphate buffer (é.i M, .35 M NaCL 50 mM EDTA, pH 7.2}, 0 pl ofa

solution of 2.5 pmol AMAS (Sigma Aldrich, Taufkirchen, I) in DMSO was

~ added, and the clear solution was incubated for 80 min at 25 °C and 20 min st 40

°C. The AMAS was z‘emmved by centrifugal filtration with a VIV ASPIN 6.5 ml
conc&mmier, 5 K};} MWCO {VWA:S(,}E:NLE. Hammvea, Germany) at 13,000

~mpm and ‘washing 4 times for 30 min with the phsspham buffer.

- To the residual soiutmm 15 I ThmuEPO ] produce& acmrdmg to exampie 181

gygxi in phosphate buffer) were added, and the mixture was incubated for 16 b at .
25 “C. After ivapmi‘.satmn, the crude produst was asalysed by SDS-Page with
NWAGE 10 % Bis-Tris Gels/MOPS buffer (meimgen, Carlsbad, CA, USA) a3
described in the: instructions given by Egvztmg»ne The gel is stained with Roti-

Bhe Coomassie staining reagent (Roth, Karlsruhe, D) overnight.

. The experimental result is shown in Fig 8. A successful conjugation is indicated

by the migration of the protein band to higher molecular weights. The inereased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES dezivatives Hinked to the protein.

Example 198  Resction of ﬁhiﬁ»&ryéhmpoigﬁn with the resction preduct of

examisﬁe 15.2 and the crosshinking compound
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To 50 aroof HES derivate, produced according to Example 13.2 and dissolved in

' 200 ! phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2), 10l of a

sobution of 2.5 pmol AMAS (Sigma Aldvch, Taufkirchen, 1) in DMSO was

. added, and the clear solution was incubated for 87 min at 25 °C and 20 min at 40

°C. The AMAS was removed by centrifugal filtration with & VIVASPIN 0.5 mb
eoncentrator, 5 KD MWCO (VIVASCIENCE, Hnnover, Germany) at 13,000
rpm and washing 4 times for 30 min with the phosphate buffer, ‘

To the residual solution, 15 pg Thio-EPO as produced a;cording‘ o example 1§ {1 -
pg/ut in phosphate buffer) were added, anfi the mixture was incubated for 16 hoat
25 °C. ARer lyophilisation, tﬁe crude product was anaiyseé by SDS-Page with -
NuPAGE 10 % Bis-Tris Gels/MOPS buffer (favitrogen, Caslshad, CA, USA) as
(dascribsd_ in the instructions given by Invitrogen. The gel is stained with Roti-

Blue Coomassie staining magﬁm' {Roth, Karlsrube, D) overnight,

. The experirental result is shown in Fig 8. A successful conjugation is indicated

by the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the nurmber of HES derivatives linksd to the protein,

Exsmple 19.9 Reéctiw of this-erythropoistin with the reaction product of

_ example 15.3 and the crosslinking compound

To 50 nmol HES derivate, produced according to Example 15.3 and dissolved in
200 pl phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2}, 10 plof a
solution of 2.3 pmol AMAS (Sigma Aldrch, Taulkirchen, D) in DM30 was
added, and the clear solution was incubated for 80 nuin at 25 °C and 20 min at 40
°C. The AMAS was removed by centrifugal filtration with a VIVASPIN 0.5 mi
concentrator, 3 KD MWCQ (VIVASCIENCE, Hannover, Germany) at 13,000
rpm and washing 4 times for 30 min wﬁh the phosphate buffer. ‘
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' To the residual solution, 13 pg Thio-EPQ as produced according to example 18 (1

ug/ul in phosphate buffer) were added, and the mixture was incubated for 16 hat
25 °C, After tyophilisation, the crude product was analysed by SDS-Page with
NuPAGE 10 % Bis-Tris Gelo/MOPS buffer (Invitrogen, Carlsbad, CA, USA) as
described in the instructions givcn‘by Invitrogen. The gel is stained with Roti-

Blue Caomassie staining reagent (Roth, Karlsruhe, 1Y) overnight.

" The experimental result is shown in Fig 8. A successful conjugation is indicated

by the migration of the pmtﬁiﬁ band fo higher molecular weights, The increased
bandwidth iz due to the molecular weight distribution of the HES derivatives used

and the mumber of HES derivatives linked to the protein.

' Exsmple 1918 Reaction of this-erythropoietin with the reaction product of

example 15.4 and the crosshinking témgwmﬁ C

To 50 nmo! HES derivate, produced aceording t&Exampie 154 ami dissolved in
200 p,IF phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2}, 10 pl of 2
solution of 2.5 pmol AMAS (Sipma Aldrich, Taufkirchen, D) in DMSO was
added, and the clear saiuﬁién,was incubated for 80 min at 25 °C sad 2(3. min at 40
“C. The AMAS was réméve:ﬂ byﬁcentriﬁxgal filtration w;th 8 VIVASPIN 0.3 ml
copeenirator, 5 KD MWCO (VIVASCIBNCES Eaﬁmwér, Qemlany} at 13,000

sprm and washing 4 times for 30 min with the phosphate buffer.

To the residual solution, 15 pg Thio-EPO as produced according to example 18 (1

~ pg/il in phosphate buffer) were added, and the mixture was incubated for 16 hat

25 "C. After lyophilisation, the crude product was analysed by SDS-Page with
NuPAGE 10 % Bis-Tris GelsMOPS buffer {(Invitrogen, Carlshad, Ca, USA) as
described in the instructions given by Invitrogen. The gel is stained with Rogi-

Blue Coomassie staining Eeagem (Rmh,.xaﬂmﬁm, D} ovemight.
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The experimental result is shown in Fig 8. A successful conjugation is indicated
by the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the number of HES derivatives linked to the protein,

Exzmple 1811 Reaction of thio-srythropoietin with the reaction product of

exsmple 13.5 and the crosslinking compound

To 50 nmol HES derivate, produced according to Example 15.5 and éiésoivgd in
200 ul phasp&ate buffer (0.1 M, 9.13 M NaCl, 50 mM EDTA, pH 72}, W0plofa

~ solution of 2.5 pmol AMAS (Sigma Aldrch, Taufkirchen, D) in DMS0O was

added, and the clear solution was incubated for 80 min st 25 °C and 20 min at 40
*C. The AMAS was removed by centrifugal filtzation with 2 VIVASPIN 05 md

_cenesntrator, § KD MWCO {(VIVASCIENCE, Hannover, Garman;y) at 13,000 .

pm and washing 4 tmes iox‘ 30 min with the phosphate buffer.

Tothe mslid\\;al s@iuﬁm, 15 pg Thic-EPO as produced according to example 18 (1
p/id in phesphate buffer) wege added, and the mixture was incubated for 16 hat
25 °C. After Jyophilisation, the crude product was analysed by SDS-Page with
NuPAGE 10 % Bis-Tris G@i&!‘\’i@?S buffer (Tavitrogen, Caslsbad, CA, USA) as 4‘
described in the .mstmctmns @*«en by Invitrogen. The gel is stained with Roti-
Blue Coomassie staining reagent (Roth, .Kaﬂsmhe,. B} ovemnight, |

The experimental result is shown in Fig 8. A successfial conjugation is indicated

by the migration of the protein band to higher molecular weights, The increased

bandwidth is due to the molecular weight distribution of the HES derivatives used
and the number of HES derivatives linked to the protein. '

Example 'mz Regction of this-ervthropoietin with the reaction product of

exaruple 13.6 and the crosslinking compound
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To Si}‘ nmol HES derivate, produced sccording to Example 5.6 and dissclved in

200 i phosphate buffer (0.1 M, 9.15 M NaCL, 50 mM EDTA, pH 7.2), [0 plofa

solution of 2.5 pmol AMAS (Sigma Aldrich, Taufkirchen, D} in DMSO was
added, and the clear solulion was incubated for 80 min # 25 °C and 20 min at 40
*C. The AMAS was removed by centrifugal ﬁizraﬁon with a VIVASPIN 0.5 mi
concentrator, 5 KD MWCO (‘V WASCHZNCE Hannover, Gcmary) at 13,000
rpm and washing 4 times for 30 min with the phﬁsphm buffer,

To the residual solution, 15 pg Thio-EPO s produced according to exam;ﬁie 1841
ug/ul in phasphagte butfer) were added, and the mixture was incubated for 16 b at
25 °C, Afier lyophilisation,. the crude product was analysed by SDS-Page with
NuPAGE 10-% Bis-Tris G¢E§fh:i€}PS buffer {Invimogen, Carisbad, CA, USA) as
deseribed in the instructions given by Invitrogen. The gel s stained with Roti-
Blue Coomassie staining reagent (Roth, Karlsmhe, ) overnight,

The experimental result is shown in F ig 8 A successful conjugation is indicated
by the migration of the protein band to higher molecular weights. The increased
bandwidth is due to the molecular weight distribution of the HES derivatives used

and the m.un‘éer of HES derivatives linked to the protein,

Example 28  Preparative production of HES-EPO conjugates
Summary

HES-EPO conjugates wérf: synthesized by coupling of HES derivatives (average
mw of 18,800 Dalton; hydroxyethyl substitution degree of 0.4} to the partially
{mild periodate) oxidized siahic acid residues on the aiigésaccharide chains of
recombinant buman EPO. Based on carbohydrate structussi analysis the modifica-
tions introduced did not affect the structural integrity of the core eligosaccharide
chains since MALDI/TQF-MS of the mild acid treated HES-modified glycans
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revealed intact neutral Neacetyllactosamine-type chains which wers indistinguish-
able from those observed in unmodified EPO product. The results obtained indi-
cate that at least 3 modified HES-residues are sttached per EPO moleculs in the

case of the EPO preparation which was subjected to modification without prior

~ pantial sialic acid removal. An EPO variant lacking sbhout 50% of the sialic acid

residues of the former protein showed a similar apparériﬁ high molecular weight
mebility in SDSQPA&%E (6@4 10 KDa vs 40 KDa for ths BRP EPO vstandasd} The .
HES modified EPO i stabie under standard mnnsmhange chmmamgmphy condi-

tzons 3¢ ro0in tem guatum atpH 3-10.

The EPC-bivassay in the normocythaemic mouse system indicatés that the HES-
modified EPO has 2.5-3 ﬁ fold hﬁgher specific acﬁivity (W/mg} in this assay when
compared to the Intema&mnui BRP EPO reference standard based on protein d@n
smmnmmn using the UV absmptmn value from the Europezm Pharmacopels and
an RPvHFLC EPQ protein detemmaam method caiabz’azed againgt the BRP EPO

standard pa‘epaxatmn
Example 30,1  Materinls 2nd methods

(s} Liberation of N-linked oligesaccharides by dﬁgesmm with M-

glycosidase

Samples were incubated with 25 units (aceording to manufacturer’s speeiﬁaaﬁi@n, '
Roche Diagnostics, Gemmy’} of sesombinant PNQ&S@ F over aight at 37°C,
Complete digestion was monitored by the specific mobility shift of the protsin in
SDIS-PAGE. 'E‘he released N-glycans were separated fmm the péiy;)ﬁpﬁide by ad-
dmm of 3 wlumes of cold E{}% % ethanol and incubation at -20°C for al least 2
}wurs (Schme:ter Setal, i999} The precipitaled protein was removed by cene
trifugation for 10 minutes at 4°C at 13000 rpm. The pellet was then subjected to
wo additiemaﬁ washes with 300 pl of lce-cold 75% ethanol. The oligesaccharides

in the pooled supernatants were dried in a vacuum centrifuge {Speed Vac concen-
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trator, Savang Knstmments Inc., USA). The glvean samples were desalied using
Hypercarb cartridges (25 mg or 100 mg of HyperCarb) as follows prior to use: the
columns were washed with 3 x 500 ! of 80% acetonitrile (v/v} in 0.1% TFA fol-
lowed by washes with 3 x 500 4t of water, The samples were diluted with water to
2 final volume of 300 al - 600 ui before loading Onili} ,the‘ cartridge which then
was rigorously washed with water. Oligosaccharides were cluted with 1.2 m} (25
mg cariridpes; 1.8 mi in the case of 100 mg cartridges) 25% acetonitrile in water
containihg 1% tﬁﬂu@maceﬂc acid {(v/v). The eluted ‘oiiggsaccharides Were neu-
tralized wiﬁx 2 M NH,OH and wei’e dried in a8 Speed Vac concentrator, In some
cases desalting of N-glycosidase released oligosaccharides was performed by ad-
sorpiaon of the digestion mabxture from samples < 100 ug of total {glyco)protein
onte 100 mg vac:rcarb cartridges,

{b)  Analysis of oligesaccharides by matvix-nssisted Juser desorption/ jontza-
tion fime-gf-flight mass-gpectrometry {(MALDITOF/TOF-MS)

A Bruker ULTRAFLEX ﬁmﬁnéfwﬂight (TOF/TOF} Instrument was used: native
desialylated oligosaccharides were analyzed using 2 5~dihydwx‘y§mzai'c acid as
UV-absorbing material in the positive as well a5 in the negative ion mods usmg |
the reﬁectmn in both cases. For Mbo‘\ds analyses, selected parent fons were sub-

3@{:‘;@& to laser induced dnssmaﬁmn LIy ami the mukmg fragment jons sepa-

rated by the second TOF stage (LIFT) of the instrument. Sample solutions of 1 i

and an approximate concentration of 1-10 pmolal’ were mixed with squal
amounts of the respective matrix, This mixture was spotted onto a sialnless stee:ﬁ

target and dried a8 room i@mpemmre before analysis.

Example 238.2  Preparstion and characterization of recombinant humsn EPQ
EPO-GT-1}

EPO was expressed from recombinant CHO cells as dcécri‘aeﬁ {Mueller PP ot al.,

1999, Dorner Al et al, i?%) and the preparations were characterized according to
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methods described in the Bur. Phar. (Ph Eun, 4 Monography 61/2002:1316:
Erythropoletin concentrated solution). The final product had a sialic acid content
of 12 nMol (+/- 1.5 pMel) per nMol of protein. The structures of N-finked oligo-
sacofarides were determined by HPAEC-PAD and by MALDUTOF-MS as de-
seribed (Nimiz et al,, 1999, Grabenhorst, 1999}, The EPO preparations that v&er’e

. obtained contained di~,.iri~ and tetrasialylated oligosaccharides (2-12%, 15-28%

and 60-80%, respectively, sulphated and pentasialylated chains were present in _
small amounts). The overall glycosviation characteristios of EPO prepasations

were similar to that of the international BRP EPO standard preparation,

The isoslectric focusing pattern of the recombinant EPQ was comparable to that
of the international BRP Reference EPO standard preparation showing the some-

sponding isoforms. 25% of the BPO protein tncked O-glycosylation at Serygs of

. the j;aiypepﬁde chain.

Example 83 Preparstion of partially desialylated BPO forms

-EFQ GT-1 protein (2.84 my/mi) was heated to 8°C in é@ mM Ma-phosphate

buffer pH 7.0 and then 100 pl of I N Hzgi');was added per 1 ml of the EFO solu-

tion; incubation was continued for S min, 10 min and 60 min, respectively, vield-

* ing EPO preparations of different degree of sialylation. Quantitation of oligosac-

charides with 0-4 sialic acids was perfggméd after liberation of oligosaccharides
with polypeptide N-glycosidase and isolation of N-linked chalns was performed

by desalting using Hypercarb cariridges (25 mg HyperSep Hypercarh; Therme-

. Hypersil-Keystone, UK). EPO preparations wers newtralized by addition of I N

NaOH and were frozen in liguid Ny and were storsd at -20°C until further use,
Example 204 Ferﬁéﬁaﬁe oxidation of sialylated EPQ forms

To 10 mg of untrested or mild acid weated EPO dissolved in 3.5 ml of 20 mM Na-
phosphate buffer pH 7.0 was added 1.5 ml of 0.1 M Na-acetate buffer pH 5.5 and
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" the mixture was cooled 1o 0°C in an joe-bath; 500 41 of 10 mM Na-periodate was

added and the reaction mixturs was kept in the dark for 60 min at 0°C. Then 10 ul
of glycerol was added and incubation was continued for further 10 min in the
dark. The partially oxidized EPO forms were separated from reagents by desalting
using VIVASPIN concentrators (10,000 MWCO, PES Vivascience AG, Han-
Bover, Geﬁnany) aacox‘ding o manufacts;rer’s recommendation at 3000 rpm in 2

laboratory centrifuge equipped with 2 fixed angle rotor, After freezing in liguid

‘nitrogen the EPO preparations were stored in a final volume of 4 ml at -20°C.

100 pg aliquots of the partially oxidized EPQ preparation were suhjeétad o N-

 glycosidase treatment and oligosaccharides were isolated using Hypercarb car-
. tridges a5 described, Oligosaccharides were desialylated by mild acid treatment
and were analyzed by HPAEC-PAD and their retention times were compared o

those of authentic standard oligesaccharides as‘ described (Nimtz et al., 1990 and
1993), | |

Example 265 Reduction of EPO disulfides with dithinerythreitol

§ mg of EPO-GT-1 was incubated in § mi of 0.1 M Tris/HCI buffer pH 8.1 in the
presence of 30 mM diﬁaioexﬁhrei&ci {DTT) at 37°C for 60 minutes; femm}ai of
DTT was achieved by using 8 Vivasﬁ)in concentrator at 4 °C, 4 cycles of hs;ffex
exciiange, The final reduced EPO preparation Ls&as fr%;szen in liquid nitrogen and
stored at 20°C in 50 mM No-acetate buffor pH §.5.

Example 206  EPO protein determination

Quantitative determination of EPO protein was performed by measuring UV ab-
sorption at 280 nm according to the Eur, Phar, (Eumgﬁean Pharmacopeia 4, Mono-
graphy 01/2002: 1316 erythropoietin copcentrated solution} in a cuvette with 1
cm path length, In addition, EPO was quantitated by applying a RP-HPLE method
using a RP-C4 ccim'(‘v’ydéc Protein C4, Cat# 214TP5410, Grace Vydae, Ca,
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US); the HPLC method was calibrated using the erythropoietin BRP 1 reference
standard {European Pharmacopeis, Consell de PEugope B.P, 907-F67029, Stras-
bourg Cedex 1), o ‘ ‘

Example 20.7 Oxidation of désiaiyiaied EPQ with galactese oxidsse

4485 mg of completely desialylsted EPO was incubated in 20 M Nanphssphaie
buffer pH 6.8 in the presence of 16}:3 catalase {6214 unitg/200 mli: and 80 gl of
galactose oxidase {2250 wnitsfml from Daciylinm densz’mia;es {Sigma-Aldrick,
Stelnhelm, Germany); incubation at 37°C was over igighi; 2 times 20 gl of galac-
tose oxidase was added afier 4 ﬁemr§ and gfier § hours afler starting of the Incuba-

tion,
Example 208  Preparstion of EPO samples for bioassays

Pueification of EPQ from incubations of periodate-. o palactose-oxidase-

- gxidized EPQ protein preparations with activared HES

Purificstion of EPO samples {removal of unceacted HES derivatives) was carried

out 3t room temperature, The EPO incubation mixtures {approximately § mg of

EPO protein) were diluted 1:10 with buffer A (20 mM Nemorpholine propane
sulfonic acid [MOPS/NaOH] in HyO bidest, pH 8.0} and were applied to 2 column
containing 3 ml Q-Sepharose HP {Pharmacia Cede no, 1'}’4014“63,- 1ot no.
220211) eqﬁilibraisd with 10 column volumes (CV) of buffer A by using a flow
1aig @f 0.5 mb/min. The column was washed with 6-8 CV of buffer & (flow rate =

0.8 mi/min) and elution was performed by using buffer B (20 mM morpholine

. ethane sulfonic acid [MES/NaOH], 9.5 M NeCl in HyO bidest, pH 6.5) at & flow
rate of 0.5 mi/min, EPC was detected by UV absorption at 280 nm and eluied in

about 6 ml. The column was regenerated by using 3 CV of buffer C (20 mM
MES, 1.5 M NaCl in H,0 sdjusted to pH 6.5) and was re-squilibrated by using 10

CV of buffer A (flow rate = 0.7 mb/min).




WO 29844024761 PCT/ERZGU3O08858

18

13

it

25

30

~124 -

Buffer exchange of EPO eluates obtained from the Q-Sepharose step was per

formed using Vii’aspix; concentrators and phosphate buffered saline (PBS) with

each 3 centrifugation cycles per sample; samples wese adjusted to 2 ml wikh PRS

and were stored at -20°C.

Only <23% of the partially de@zaiyiated and subsequently mild p@rxcdate oxuizzed
EPO forms mat were subjected o HES-modification were obtained from the Q-

' Sepharose sluate since under the conditions employed the basic EPQ icmzs did |

not bind Q-Sepharese and were found in the flow-through mgather with nanre-
acted HES derivatives, ‘

. Emmpia 263 Eiaghngﬁ amenuemimnge ﬂ:hmmamgrapiay with ;;uised am-

perometric d éeteetmn (HPAEC-PAD)

Purified native and desialylated oligosaccharides were analyzed Sv high-pH an-
ion-exchangs (HPAE) s;hmmamgraphy using a Dionex BioLC system {Dimex
US4) equipped with a Carbo?ag‘ FAY column (0.4 x 25 cm) in combinstion with s
pulsed amperometrie sis,tecmr {(PAD) {Schrbter et al, 1999, Nimtg et al., 1999).
Detector potentials {E) aﬁd pulse durations (T} were: El: +50 mV, Ti: 480 ms;
B3: +500 mV, T2: 120 ms; EX: -500 mVY, T3: 60 m, and_.t‘ae output range was
500-1500 nA. The eiigasaécharidas were then injected onto the CarboPac PAL

column which was equilibrated with 100% solvent A. For desialylated oligosac- ‘

charides elution {flow rate: 1 mbmin™) was performed by appﬁ}ring a linear gradi-

ant (0-20%) of solvent B over a period of 40 min followed by a linear increase

- from 20-100% solvent B over § min. Solvent & was 8.2 M NsOH in bidistilled

HyO, solvent B consisted of 0.6 M NaDac in solvent A, For native oligosaccha-
rides the column was equﬁiibxa&ed with 100% solvent C (0.7 M NaOH in bidis-
tilled H0) and elution (flow sate: 1 mimin™) was performed by applying a linear

gradient {0-33%) of solvent I over 2 period of 48 min followed by a linear in-
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erease from 35-100% solvent I over 10 min. Solvent I consisted of 0.6 M Nade

in solvent C.

“Example 20.1¢  Monssaccharide compositional analysis of N-glyesns, HES-

modified N-glyeans and EPO protein by GC-MS

Monosaccharides were analyzed as the corresponding methyl glycosides after

' methanolysis, N-reacetylation and trimethylsilylation by GC/MS [Chaplin, MF.
{1982y A ;apéd and sensitive method for the analysis of carbohydrate. Anal, Bio-

chem. {23, 336-341]. The snalyses were performed on & Finnigan GCQ fon trap

mass spes:tmmetér {Fionigan MAT corp,, San Jose, CA) running in the positive

 jon Ef mode equipped with a 30 m DB3 capillary column. Temperature program:
2 min isotherm at 80°C, then 10 degrees min™ to 300°C. '

Momsacchérides were identified by their retention time and charac;eﬁs?ic frag-
memation' pattern, The uncorrected results of eloctronic peak infegration were
used for gﬁantiﬁcaﬁoﬁ.’ Monosaccharides yielding more than one peak due to
anomericity and/or the presence of furanoid and pyrancid forms were quantiSed
by adding all major peaks. 0.5 g of myo-inositol was used as an internal standard

gompound,
Exsmple 20.11 - Results

Example 20.13(s)} Charscterization of Nng‘iymés of mild acid treated {par-
tially desialylated) EPO-GT-1 ‘

EPO-GT-1 pwparétians su&ijaéi@d ta.miid acid treatment for 5, 10 .sr 60 min. were
analyzed byv SDS-PAGE before and after liberation of N-linked oligosaccharides
by incubation with N-glvcosidase as slhown in Figure 8. N-linked oligosaccharides
were subjected 16 HPAEC-PAD oligosacchaﬁdé mapping (Figm‘é 18). The wn-
treated EPO-GT-1 contained »90% of N-linked sligosaccharides with 3 or 4 sialic
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aid residues whereas after 5 min. of incubation in the presence of mild acid

- <40% of carbohydrate chains had 3 or 4 sialic acid residues, HPAEC-PAD of the

desialylated N-glycans revealed that the ratio of neutral aligosaecharides ihat were
detected for the untreated EPO-GT-1 and remained stable in the preparations sub-
Jested to acid treatment for 5, 10 or 60 min, MALDVI‘GF«MS of the desialylated
glycans revealed that <90% af the pmx&mai fucose was present after mild acid

trsatment of the protein.
Example 20.11(b} Characterization of periodate treated EPO-GT-1

SDS-PAGE mobility of mild periodate treated EPO forms that were previously
subjected 10 2 § and 10 minute treatment with acid or were méi ireated are com-
pared in Figure 12. The conditions used for periodate oxidation of sialic acids did
not change the ‘%D&FAGF pattern of EPG prepara&mm (cem;sare Fig. 9). Oxids-
tion of sialic acids resulted in 2 shif} of aixgesacchandes in HPAEC-PAD analysis

to earlier elution times (compare Figure 16 and 13).
Example 20.11(¢) Characterization of HES-modified EPO derivatives

{aa} Time conrse of HES mﬂdiﬁaéﬁuﬂ of EPO-GT-1-4 with hydrasyiamine-
modified HES derivative X, produced sccording to Example 14.4

400 pg of hydroxylamine-modified HES derivative X was added 10 20 pg of -
EPG-GT-1-A (mild periodate oxidized EPO, not acid hydrolyzed prior to mild
periodate oxidation) in 20 gL of 0.5 M NaQAc buffer pH 5,5 and the reaction was
stopped after 30 min,- 2, 4, and 17 houss, respectively, by freezing samples in iiqi :

uid nitrogen. Subsequently samples were stored at -20°C until further analysis.

| SDS-PAGE sample buffer was added and the samples were heated fo 90°C and

applied onto SDS-gels. As shown in Figure 14, increasing incubation times re-

sulted in an increased shift towards higher molecular weight of the protein. After
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17 hours of incubation in the presence of the hydmxyiamimwmodiﬁe& HES de-
rivative X & diffuse Cmmaséie stained protein band was detected migrating in an
arca between 60 and 11 KDa, based on the position of molecular weight standards
{see left part of Fig. 14). Upon treatment with N-glycosidase most of the protein
was shified towards the position of do-N-glvoosylated EPO (see Fig. 14, right pel;
arrow A indicates migratiah ﬁositian of N-glyeosidase, arrow B indicates migrs-
tion position of de-Noglyoosylated EPQ; the diffuse protein band visible in the
region between the 28 KDz and 36 KDa molecular weight standards presumably
represents E‘PO«form& which are madified hy HES and the O-glycosylation site of

the molecule. In view of the specificity of Neglyeosidase we conclude from this

result that in fact HES-modification occurs at the periodate oxidized sialic acid -

20

23

30

residuss of glycans of the EPO protein.
{bb} Characierization of HES-EPO s@nﬁugaﬁes

HES-EPO conjugates I (originating from EPO-GT-1 affer mild pexiodéte osida-
tion, Le. from E}’O@Tni«-&), B {resulting from EPO-GT-1 subjaa&sd'm 5 min
acid hydroiy_sis and mild periodate sxﬁdaﬁau}, BIE (resulting from EPO-GT-1 sub-
jected fo 10 min acid hydrolysis and mild petiodate oxidation) were synthesized
as described before. A control incubation (K) wa§ inctuded wntaix;iﬁg unmaodified

EPO-GT-1 under the same buffer conditions to which an eguivaienﬁ amount of

wnmodified HES was added. The incubation mixtures were subjécted to further

purification for subsequent biochemical analysis of the HES-EPQ derivatives.

Incubations HES-EPO conjugates I, ¥¥ and ¥ as well as the control incubstion X
were subjected 10 a Q~Séphamse purification step s¢ described under "Material
and E*«icﬁaodé" {Example 288} in érder to ?emwe the excess of nonreacted HES-
reagent which was expected in flow through of the ion-exchange column. Due to
the high amounts of basic EPO forms contained in previously acid treated samples
TE and UY we expected c?qsidefable amounts of modified E?Q. product from these

incubations in the flow theough. As is shown in Figure 15, almost all of the EPO
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soaterial from samples T was retained by Q-Sepharose column whereas only ap-
proximately 20-30% of the samples 1M and T was recovered in the fraction
eluting with high salt concentration. All of the protein material from the lncuba-
tions with HES derivative X, both in the flow-through and.the fractions eluting
with high salt, had spparent higher motecular weight in SDS-PAGE whes com-
pared to the control BPO.

In order to characterize in more detal the HES-modified EPO sample A and K |
{see Figure 13} were compared to periodate oxidized. form EPG-GT-1-A. The
samples were subjected to N-glycosidase treatment and as is depicted in Figures

163 and 16b the release of N-glycans resulted in the two low molecular weight

-bands at the p;)isiiicn of the O-glycosylated and nonglycosylated EPC forms of the
 standard EPO preparation. In the case of sample A a further band migrating at the

position of the 28 KDa mw standard was detscted suggesting HES«madiﬁm;iun at
the O-glycan of this EPO variant {ef. Example 20.11{c){an}). This band {and also
the heavily HES-modified high mw fafm of N-glycosylated EPQ, see Figs. 16a
and 16b} disappeared after subjecting the samples to mild hydrolysis which is in

agreement with the. view that HES modification was achieved at the periodate

- oxidised sialic acid residues of erythropoietin,

Aliquets of the N-glycosidase incubation mixtures were h}’d:@lyzéd using condi-
tions enabiing the complete removal of sialic acids residues (and also the sialic
acid linked HES siérivative} from oligosaccharides; afler neutralization, the mix-
tures were then absorbed onto small Hypercérb columns for their desalting. The
columns were washed rigorously with water followed by eiuiioﬁ of bound neutral
oligosaccharides with 40% acetonitile in Hy0 containing 0.1% of trifuloacetic
acid. The resulting oligosaccharides were subjected to MALDY, EGF~M& The
s;ﬁectm of the desialylated oligosaccharide fractions from sample A, EPO-GT-1-A
and sample K showed idemicai.massas for cmﬁpﬁex type oligosaccharides at m/z
= 1810 Ds {diantennary}, 2175 = wiantennary, 2540 = tetraantennary, 2906 =
tetraantennary plus | N»Sacetyliasmsamim repeat and 3271 = tetraantennary plus 2
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N-acetyllactosamine repeats; small signals corresponding to lack of fucose (-146}
and galactose (minus 162) were detested which are atisibutable to the acid hy-
drolysis conditions applied for sialic acid removal (see MALDI-Figures 19, 20
and 213

in a paraticl axperix;neni the N-glycosidase digestion mixturs waé shsorbed onto 1
mi RP-C18 cartridge (without prior 'awi_d hydrolysis of oligossccharides) and elu-
tion was performed with 5% acetonitrile in water cémaining 0.1% TFA; under
these conditions the EPD protein waskc@mpisiciy retained onto the RP-material
and Qii‘ggsaccha.ridegwere washed off from the column with 5% acetonitsile in
H0 cmta;ming 0.1% TFA. The ;dgvh’wgiycasyia‘&f:‘d EPO protein was eluted with
76% acetonitrile ir HO cmitaining 0.1% TFA. The oligosaccharide ﬁacti@ns-
from the RP-C18 step of N-glycosidase-treated sample A, EPO GT-1-A and sam-
ple K were neutralized and subjected to dssaitiﬁg using Hypercarb cartridges as
described before. The isolsted oligosaccharides were subjected io H?AEC:PAD

mapping before (see Figures 17} and afier mild acid treatment under conditions

which enabled quantitative removal of sialic zcids fom glycans (see Figures 18),

“The HPAEC-FAD profile for the native material obtained from the HES-modified

sample A showed only neglectable signals for oligosaccharides whereas EPQ GT-

“1-A-derived oligosaccharides exhibited the same glyean profile as the one shown

in Fig; 13 (sample named EPQ-GT-1 afler mild periodate weatment), The dhution

profile of oligesaccharides obtained from the contro] EPO s&nﬁié (K) yielded the
expested p’attém (ecmpére préﬁ‘i:: in Figure w}. For comparison, ﬁ@e: native olige-
saccharide profile of the intemational BRP-EPO standard is included for compari-

son and as reference standard.

After mild acid hydrolysis, all aiigﬁsacchaxiﬁe preparations showed an identical
clution profile of nevtral oligossccharide structures {ses Figw:és 18} with the ex-
pected qualitative and quantitative compositon of di-, tri- and tetraantennary com-

plex-type cmbohydmi&’chains as described in the methods section for the EPO
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- preparation which was used as a starting material in the present study. This result

demonstrates that the HES-modification of the EPO sample results in a covalent
linkage of the HES derivative which is detached from the EPO-protein by N-
glycosidase and is acid-labile since it is removed from the N-glycans using mild

acld treatment conditions known to desialylate carbohydrates (see Figures 16a+h),

(eé} Monesaccharide compesitional analysis of HES-EPO and HES-EPO N-
glyeans by GC-MS ' o ‘

In oxder to further confinm HES-modification of EPO at the N-glycans of the
molecule, EPC samples were digesied with N»glymsiciasg and the EPO protein
was adssrbﬁ’cﬁ onto RP-C1§ catridges whereas oligosaccharide _maieriai Was
washed off és desa:ﬁbezi above. As shown in Table 3, glucose snd hydroxyethy-
lated glucoss derivaﬁves were detected only in the EPO protein which was sub-
jected fo HES-modification at cysteine residues and in oligosaccharide fractions
of EPO sample A2, '

Example 20.14{d} In-vive assay of the bielogical activity of HES-mogified §
EPO | “ |

The EPO-bioassay in the n&m@syﬁhmnﬁtmamé system indicates was performed
according o fhe procedures described in the Ewopean Pharmacopeia; the labors-
tory that carried oul the EPO assay W usiﬁg the International BRP EPQ refer-
ence standard preparation. For the HES-modified EPO A2 preparation a mean
valoe for the specific sctivity of 294,600 units per mg EPO of protein was de-
termined indicating an approximately 3-fold hisher sgéciﬁc getivity when com-

pared to the International BRE EPO reference standard preparation that was in-

- cluded in the samples'sent for activity assays.

The resulis of the study are summarized in Table 4.
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Table §
Linker-type Functional group 1: Re- | Functional group 2: Re.
action with polypeptide; |aciion with BES
especially EPO ' o
& Hydrazide (aldshyde- Maloimido (SH-reactive
reactive) - :
B Hydrazide (aldeyde Pydridydithio (SH-
reaetive) - o ireactive)
C fodoalkyl (SH-reactive) * | Nesuccinimide ester
{amine-reaciive)
b Bromoatkyl (SH-reactive) | Nesuccinimide ester
~ ’ {amine-reactive)
E Maleimido (SH-reactive) | N-succinimide ester
‘ {amine-resctive)
F Pydridyldithic (SH- N-succinimide ester
reactive) - i{amine-teactive)
G Vinyisulfone (SH- Noguccininide ester
reactive} {amine-reactive)
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Table 2 )
Abreviation Chensieal Name Type
fg%’&g . {N-{p-Maleimidoacstoxy) succinimide ester E -
L g\j\g )
8 [
BMPH Ne{f-Maleimidoprapionic anid)hydmzigie"i‘%. - A . . 8
v &»’\/&a«m‘ 8 th
. _ 3 ‘
BMPS N{E Valeimidopropylony) sueoimmids ester 18 R
A &f\}\%aﬁ
. ] oo
EMCH N-{e-Maleimidocaproic acid) hydrzide - A 8 ]
: QM/\E,«“W’
) 8
EMCS N-{e-Maletmidocaproyloxy} succinumide ester E & 0
8
] 1)
GMBS B ]

Ney-Maleimidobutyryloxy-succinimide ester
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Abrevistion Chermicz] MName _ Type
RMUH Nefw-Maleimnidoundecansic acid) hydrazide - A §
;waww
8
LC-SMOC Suceinimidyl 4-{N-maleimidomethyl} - E. .
cyclobexanesl-carbory-{S-amido-caproate} q j\/wg Yof
. . ) §
. &
LC-8PUP Succinimidyl 6-(3-[2-pyridyl-dithiojpropionamide} |F N _ s
hexanoate : o éf{ﬁWE’E\’AKS‘
4 -4,
MBS - Malemmidohenzoyl-N-Bydroxysuocinmide eser | | ) a;q
B
dsmﬁ S 8
g 8
Mool 4-(N-Maleimidomethyl-cyclobexane-I-carhoxyl A - . 8 e
R . 3% &
hydrazide HCI1/2 dioxane ke : %23
. . 8
MPBH (AN Malcimidophenyl)-butyric acid hydezide HCl |A "

y

& H #
p
.z“gj\\‘/\\‘/@’ \i




Abreviaticn Chemical Name Typ:
S4Ta MNeSuceinimidyl S-acetylibio-gostate H ¥
8
g‘;‘}rx .j\\/ 3 A~
e
SATP N-Suceinimidyl S-scetylthio-proplonate H s
o g 8
¥y "E‘\/\ 3 ’ﬂ\
4 .
SBAP Suceinimidy! 3-{bromoacetamide) proplonate D ¢
8 8
N a pﬂ\\/\ §jl\~f Be
8
Sia N-Sucelnimidyl iodoacetate C o
g
)
. &
SiaB - | N-Buccinimidyl(@-iodeacetyljamincbenzoate C 8 '
| | =4
Qu ~8 i b
g @&
SMCC Succinimidyl 4-(N-maleimidomethyl) E 8 . ,
cyelshexsne-l-carboxylate | [:éama ﬁ
}.M.{ >...J 8
& 8
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Abreviation Chemies] Name Type
SMPB Succinimidyl 4-(33fmaisimidaphmyi}bmymts . E - . E
8 &
gaw ?
1 SMPH Succinimidyl-6-{f-maleimidopropionamido) E @ a
hexanoate &f’v&gw%
P
SMPT 4-Succinimidyloxy-carbonyl-methyle-(2- ¥ 8
pyeidyldithioltoluene Qa«a : M,Q
SPDP N~Sucainim§d}'l 3-{2-pyridyldithio}propionate F % a \ w}
“A\f‘\"s‘; AVJI
¢
. 8
Sulfo-BMCS N-{s-Maleimidocaproyloxy} sulfosuccinimide ester  {E ' 8,
)
“W\Tuj{}’&fw
, (] g
Sulf-GMBS Ney-Malcimidobutryloxy-sulfosuceinimide ester E
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Tops

Sulfo-SMEPB

Abreviation Chemical Naume ,
Subfo-KMUS N-{x-Maleimidoundecanoyloxy}-sulfosuccinimide B o .
@S‘E&K‘ ‘ n\MW\]’QQE .
] 8 a‘
Sulfo-LC-SPDP | Sulfosuccinimidyl 6-{3%[2-pyridyl- F
. 4 8
dithiolpropionamido) bexanoate tﬁ‘; ‘&"’M 5 A,
- . ' * 8 .
| Sulfo-MBS m-Maleimidobenzoyl-N-hydroxysulfosuccinimide E 2 N(’\Z
gster Q““*. , y-—-
Sulfo-81A8 Sutfosuccinimidyl{(4-lodoscetyDaminobenzoats c .
Sulfo-SMCC Sulfossccinimidy! 4-(N-maleimidomethyl} E -
cyelohexane-i-carboxylate |
Sulfosuccinimidy! 4-{p-maleimidophenyljbutyrate 8
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Abreviatiou Chemizal Name Type
Sulfo-LC-SMPT | Suflosuccinimidyl S-{o-methyla-{Z-pyridyldithio}- {F . B
. _ . , . ) o W
tolusmidolhexancate e e Ny~ )
SV&B N-Succioimidyl-(4-vinylsulfonylbenzoate G
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Table3
Memsacchanﬁe csmgesi&mmi analysis of g&ycans from HES-modifted EPO
and control sampies
: A T {1 115 HL iv. ¥ ¥i
whhios Glycans | Glycans | Glycsns | Clyeans | Glysans | Olycans | Cysteln
s fc’;hz:;; R from from from- from | fomEPD-| Fom modified
e A% | BROAT- K3 Al GT-14 K2 BFO pro-
. 14 . S . teln® .
fucose £,935 | 3534 2602 2,246 . 4,46} | 2,508 2,181
IRENROEE 8,028 1,020 | 9,198 6379 11,668 6137 | 626D
galactose 8,886 | 19835 14,427 ¢ 183570 18,911 L858 1 10,388
glusoss 17,968 S I 1N . trace race 33,021
GicNac 7,839 C2L310 1440 1 14,360 | 15383 16,505 | 10498 '
GileHel 5583 L e L o el s
Gl 1,380 I 1552 S 2
HeuAg 5461 822 | 4,504 3,395 4,871 13,562 | 13,003
nasitol L6 a0 ] eI | 205 | 1,320 1,134 1,087
® the equﬁwﬂen& of Cys-HES-modified BPO proteln was sublected to s:ampésizicmai analysls; the EPO
protein was isolated from the HES-incubation mixture by chromatography en a (3-Sephaross column as
4 deseribed above and was éesai&ed by aenwafugatm usmg 2 Vivagpin 3 sepamtson devices.
*% Monosaccharide determinations wers pes‘ﬁ)nmed ﬁrﬁm smgie GC runs of t?aes pmmet?*yias!yiiteﬁ
methylglycosides; the electronival intagration values of peaks are glven without corvection for iﬁsses
during the desivatisation pmcedme and recoveries of each compound,

3 Tabled
Caleulated specifie activity of E?ﬂ
Sample Mo, | Sample deseription ) Zg::gézn A8 v
. ‘ . and RP-HPLC determination}
830247 1, HES-modified EPQ A2 ' 344,800 Timg
830248 2. EPQ-GT-1-4 82368 Uimg
T 83 3. Controt EPO K2 - R3R488 Umg
850239 4. BRP EFO standard ‘ 86,782 Ulmg
850251 1, diluted with 4 volums of PBS 309,128 Uime
1 830232 2. diluted with 4 volame of FBS * 94,500 Uimg
850253 3. diluted with 4 volume of FBS 134,000 Usmg
850254 4. difuted with 4 volume of PBS 81,200 Urmg
850235 1. difuted with 4 volume of PBS 230,728 Urmg

Passages of the description which are outside the scope of the claims do not form

part of the claimed invention.
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CLAIMS:

1. A hydroxyalkylstarch (HAS}-erythropoictin (EPO}-conjugate (HAS-EP(), comprising
one or more HAS molecules, wherein each HAS is conjugated to the EPO via a

carbohydrate maiety.

2. The HAS-EPQ of claim |, wherein the EPO has the amino acid sequence of human

EPO.

3. The HAS-EPO of any of claims 1 or 2, wherein the EPO comprises one or more

carbohydeate side chains attached to the EPO via N- and/ or O-linked glycosylation.

4, The HAS-EPQ of clabm 3, wherein the carbohydrate side chains have been attached to

the EPO during production in mammalian, insect or yeast cells.
5. The HAS-EPO of claim 4, wherein the mammalian cells are human cells.

6. The HAS-EPO of any of claims 1 to §, wherein HAS is conjugated to the EPQ via g

linker molecule. ’ ;

7. The HAS-EPO of any of claims 1 1o 6, wherein HAS is conjugated to the EPO via its

-
reducing end.

&, The HAS-EPO of claim 7, wherein HAS {5 eonjugated 1o the EPO exclusively via its
reducing end.

9. The HAS-EPO of any of claims | to &, wherein HASR has been conjugated to the EPG
via a free hydrazide, hydroxylamine, thiol or semicarbazide function which had been

. . - 3 . ) . o 24
introduced into the HAS prior to conjugation,

10. The HAS-EPO of any of claims 3 t0 9, wherein HAS is conjugated to the EPO via

carbohydrate moiety which is part of the carbohydrate side chains.

11. The HAS-EPO of claim 10, wherein the carbohydrate moiety is oxidized.

01581420021-61
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12. The HAS-EPO of any of claims 10 or 11, wherein HAS is conjugated to a galactose

ar sialic acid residue of the carbohydrate side chains.

13. The HAS-EPO of any of claims | to 12, comprising 1-12 HAS molecules per EPO

molecule.
14, The HAS-EPO of claim 13, comprising -6 or 1-3 HAS molecules per EFO molecule.
15. The HAS-EPO of claim 14, comprising 1-4 HAS molecules per EPO molecule.

16. The HAS-EPOC of any of claims 1 to 15, wherein the HAS is selected from the group

consisting ofhydroxyethylstarch, bydroxypropylstarch and hydroxybutylstarch.
17. The HAS-EPO of claim 16, wherein the HAS is hydroxyethylstarch (HES).

18, The HAS-EPC of claim 17, wherein the HES has a molecular weight of | to 300 kDa,
preferably 5 to 100 iDa.

19 The HAS-EPO of any of claims 17 or 18, wherein the HES exhibits a mofar degree of
substitution of 0.1 to 0.8 and a ratio between Cy:Ce-substitution in the range of 2-20, with

respect to the hyvdroxysthylgroups.

20. A HAS-EPO asccording to any of claims 1 to 19 for use in 2 method for treatment of

the human or animal body.

21. A pharmaceutical B ymposition comprising the HAS-EPO according (o any of claims

Fio 19

22. The pharmaceutical composition of claim 21, further comprising at least one

pharmaceutically acceptable carrier.

23, Use of a HAS-EPO according to any of claims 1 to 19 for the preparation of a
medicament for the ftreatment of anemic disorders or hematopoictic dysfunction
disorders,

For the Applicants
REINHOLD m&%g AND PARTHERS

By: \] >
| i "9‘%% ,}5/ 015814200101
\J
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